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THE ENGINEER Centenary Number 


On January 4th next we shall publish a special Centenary 
Number, extra to our normal weekly issues, in celebration of the 
completion of 100 years of continuous publication of this journal 
since the first issue appeared on January 4th, 1856. It is our 
wish that every postal subscriber and regular reader of THE 
ENGINEER shall receive a free copy of a Number which will be 
a very fine production in itself and which will contain articles 


contributed by 26 eminent authors. 


Postal Subscribers will each be sent one copy of the Number 
Should additional copies. be wanted 


automatically by post. 


(price 15/- including postage) the reply paid postcard overleaf 
should be filled in and sent to us. 


Regular readers who buy THE ENGINEER every week from 
a Newsagent CANNOT, however, automatically be sent a free 
copy of the Number, because complimentary copies are not being 
distributed through Newsagents. To secure a free copy they 


must fill in and send to us the reply paid postcard overleaf. Extra 


copies may be ordered through Newsagents at 15/- each, or direct 
from us on the reply paid postcard. 








YOUNG MEN FOR INDUSTRY 


More than one committee in the past 
has been appointed, has worked hard and 
well, and has in the end published a 
report pointing out at great length what 
everyone already knew to be the truth ! 
At a first glance the Report of the Com- 
mittee on Scientific Manpower of the 
Advisory Council on Scientific Policy, 
issued on Wednesday, seems to be of that 
character. For the appointment of the 
committee, whose report is_ entitled 
Recruitment of Scientists and Engineers 
by the Engineering Industry,” was 
prompted by reports that some firms have 
been worried lest men who go to uni- 
versities are lost for too long to industry 
and thus come into industry at an unduly 
advanced age ; and lest the increase in the 
size of university populations may be 
drawing away youngsters who would other- 
wise enter industry directly, thereby 
affecting both the supply and the quality 
of boys suitable for apprenticeship train- 
ing. Rather obviously it is found that 
such fears are felt by industrial firms ! 





Fortunately the report has a good deal 
more to say. The committee estimates 
that at the present time the demand for 
graduates in industry is about 25 per 
cent greater than the number available. 
Furthermore, it regards this estimate as 
possibly misleading, since “with the 
increase in the general level of industrial 
activity and the increased awareness of 
firms of their need for trained tech- 


nologists,” the demand for graduates: 


is steadily rising. 

About the fears expressed by industry 
that the “draw” of universities must 
reduce the supply of good-quality appren- 
tices, the views of the committee are 
nearly, but not, we think, quite con- 
clusive. It is first stressed that there is a 
large unsatisfied demand in industry for 
graduates, and that if this country is 
going to maintain its position as a major 
engineering and exporting nation there 
will be a further growth in the demand. 
In effect it is argued, rightly perhaps, that 
even if the quality of apprentices conse- 





quently suffers that situation will have to 
be accepted. But the committee does not 
accept that such a consequence is already 
or need become inevitable. Its figures 
show that there still remains a large reser- 
voir of talent to draw upon in the quite 
large proportion of boys fully capable of 
benefiting from further education who do 
not continue with it after leaving school. 
Moreover, it points out that were more 
parents and schoolmasters to recognise 
how attractive are. prospects in the 
engineering field, the supply of graduates 
and apprentices could easily match the 
demand. But for ourselves we should 
feel happier about the arguments were 
we surer in mind than we are that all 
those who go to universities have qualities 
that would best benefit from an academic 
rather than a practical training. The 
degree of intelligence required may be 
much the same for both kinds of mind, so 
that school leaving and university entrance 
examinations do not necessarily dis- 
tinguish between them. The idea that 
the quality of graduates falls below that 
maintained before the war is held by the 
committee to be illusory. For it is 
argued, very sensibly, that when demand 
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exceeds supply quality will inevitably 
seem to suffer because there will be far too 
few of the better quality to go round. But 
one factor, not specifically discussed in 
the report, is revealed to be positively 
Gilbertian. The means test applied to 
university grants makes it impossible for 
many parents in the middle income 
group to send their sons to the univer- 
sity. Fortunately, student-apprenticeship 
schemes provide an alternative route to 
qualification professionally and even 
possibly to vumiversity training. But 
the absurdity remains. That a_ univer- 
sity education should be open to 
anyone of sufficient talent, however poor, 
is obviously good sense. But that it 
should be denied to the sufficiently 
talented son of a man who, very possibly, 
has himself benefited in status and income 
from a university training is just sheer 
nonsense ! 

One of the findings of the committee is 
that industrial firms prefer to recruit first 
degree graduates, rather than those with 
higher degrees who find openings in 
teaching and in research work. The reason 
hes in the conviction that the acquire- 
ment of higher degrees delays the entry of 
the young man into industry. Further- 
more, industry undoubtedly questions 
the real value fof much post-graduate 
research, forgetting, perhaps, that it is the 
effect in training the student for better 
things that is important rather than the 
actual results of the work done. By con- 
trast to research work “A number of 
firms recognised the value of post- 
graduate instructional courses . . . ifthey 
were postponed until the man had some 
experience in industry.” But here a 
paradox emerges; for elsewhere we 
read, “‘ the training of the man who has 
just taken a first degree in a technological 
subject falls increasingly short of that re- 
quired by an effective technologist in 
industry. The remedy for this is . . . to 
provide highly specialised courses of 
instruction preferably for men who have 
had some industrial experience after 
taking their first degree, ... but the 
response of industry has in many cases 
been disappointing.” One possibility, of 
course, is that the courses provided are 
either too long or unsuited to firms’ 
requirements, a situation that could surely 
be rectified by greater co-operation. 
More probably, perhaps, the disappoint- 
ing response is a consequence of a very 
human reaction. Before releasing juniors 
for extended periods on full pay to attend 
such courses, senior executives want to 
feel sure that there will be a real return 
in the greater value of the juniors to the 
firm when they return. Industrial firms 
through their student apprenticeship 
schemes are willing to accept the cost 
of training youngsters even at the risk 
that after training they will leave and 
go elsewhere. Yet at a later stage 
they seem to be proving often unwilling 
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to help more valuable men, who can _ be 
more closely ‘tied to their organisations, 
to educate themselves further in the 
specialised technology of the firm con- 
cerned! Though we certainly think it 
possible that experience. may lead to the 
modification of post-graduate instruc- 
tional courses to suit them better to the 
needs of industry, we find it difficult to 
believe that industry’s response will for 
very much longer prove “ disappointing.” 


ATOMIC POWER PLANTS FOR 
SUBMARINES 

Field-Marshal Lord Montgomery has 
rightly again emphasised the importance of 
ensuring that in a major war the western 
air forces obtain early command of the 
air. He does not, however, appear 
confident that command of the air would 
prevent bombing attacks on this country 
since he assigns to the Navy “a definite 
part to play in saving us from complete 
disaster after a heavy surprise attack.” 
In our judgment there is a grave danger of 
devoting too great a proportion of our 
financial and material resources in adding 
to the strength of an already powerful 
strategic air force at the expense of an 
effective home defence and of carriers 
and other naval forces “‘ to hit the enemy 
independently.” Indeed, if the nation is 
to regard the Navy as a kind of last resort 
to play a part only after the damage has 
been done, the Board of Admiralty may 
well have to fight hard even to obtain an 
adequate number of the “ guided missile ” 
ships which have been promised as replace- 
ments for our aged and war-weary 
cruisers. In any event, the need to 
re-equip our armed forces with modern 
weapons and to gear them to a nuclear 
capability will entail heavy cuts in what 
are called conventional forces. No doubt 
the First Sea Lord has these considerations 
very much in mind, for he is doing a 
great deal at the present time to maintain 
public interest in the Navy, notably in 
emphasising our intention to have sub- 
marines with an atomic power plant. 

In view of what is already known to 
atomic scientists and marine engineers, 
there is a great deal of unnecessary secrecy, 
both in this country and in the United 
States, regarding new forms of propulsion 
for ships. The building of the “ Nautilus ” 
and “ Sea Wolf” was the direct outcome 
of the conviction of (the then) Captain 
Rickover, U.S.N., that the United States 
Navy must have a submarine “ which 
could proceed submerged indefinitely 
at high speed.” Because of the large 
reactor core and consequent heavy shield- 
ing required at that time, they are very 
large vessels—well over 3000 tons—thus 
presenting a good target for asdics and 
being less handy and manceuvrable sub- 
merged than the normal submarine. 
Moreover, the noise of the heat exchanger 
pumps is audible in the hydrophones for 
several miles, though this difficulty is 
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likely to be overcome in the “ Sea Wolf” 
and later submarines which use liquid 
metals instead of water as a heat transfer 
fluid. All these disadvantages seem to have 
been accepted by the U.S. Navy and 
had we had available the necessary fuel 
we might well have followed the Americans 
and built two similar vessels as an alter- 
native to three 20,000-ton ‘ Hermes” 
class aircraft carriers, at a total cost of 
£36,000,000. Instead, the Royal Navy 
investigated over a number of years the 
performance of one of the 100 German 
submarines of 850 tons being built, but 
not completed at the end of the war, which 
were to have had engines using hydrogen 
peroxide and light diesel oil. It is known 
from authoritative German sources that 
a maximum endurance and speed sub- 
merged of 158 miles at 25 knots was 
claimed for these vessels, which, in the 
opinion of many submarine experts, meets 
at least the essential requirements of the 
true submarine. Very high speed, it 
should be noted, cannot be used while 
attacking owing to the strong hydro- 
phone effect in a surface ship’s asdic 
installation given by the wake of a fast- 
moving vessel. It is primarily for use in 
bursts—when the submarine believes the 
hunting vessel has temporarily lost asdic 
contact—and subsequently, when she feels 
she can safely continue at high speed, to 
take her right out of the area. High 
speed submerged may also be required 
for an hour or two to intercept a target, 
with aircraft escort, reported 50 or 100 
miles away. 

In any event, the Admiralty evidently 
considers that a performance of this 
nature is sufficient as a temporary measure, 
for two submarines with engines using 
hydrogen peroxide have now been built, 
or are being built, for the Royal Navy. 
None the less, there are obvious advan- 
tages in having submarines which can 
proceed for prolonged periods at a speed 
of 25-30 knots, whether submerged or on 
the surface ; for example, in the reduction 
in the number required “in the pipe 
line” to carry out patrols in a given 
number of areas. In this connection, the 
land-based prototype atomic plant of 
the “‘ Nautilus ” has recently been refuelled 
for the first time after two and a half 
years of nearly continuous operation. 
Moreover, concentrated fuel will soon 
become available from the diffusion plant 
at Capenhurst and various atomic 
reactors. Designers can thus now think 
in terms of fast neutron reactors with 
cores no larger than a 40-gallon petrol 
drum (with a consequent substantial 
saving in the weight of shielding required) 
which makes it practicable to install an 
atomic power plant in a relatively small 
submarine. Hence the building of these 
vessels is becoming purely a question of 
expense (for reactors are still very costly) 
in relation to our other defence commit- 
ments. 
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A Seven Day Journal 


Nuclear Energy Committee of the Institute of 
Metals 


THE council of the Institute of Metals has 
appointed a Nuclear Energy Committee 
with the object of stimulating interest in 
metallurgical problems arising in connection 
with the industrial and scientific aspects of 
the use of nuclear energy. The proposal is 
that, among its activities, the new committee 
shall arrange special meetings and discussions, 
invite the writing of papers or articles for 
publication, and arrange the publication of 
books or other literature to attain the objects 
for which it has been formed. The com- 
mittee hopes to arrange an exhibition of 
nuclear energy products, of interest to 
metallurgists, in connection with the Insti- 
tute’s spring meeting in April next year. 
The membership of the committee includes 
Mr. G. L. Bailey, British Non-Ferrous 
Metals Research Association; Mr. E. W. 
Colbeck, Hadfields, Ltd.; Dr. Maurice 
Cook, Imperial Chemical Industries, Ltd., 
Metals Division ; Dr. S. F. Dorey, Lloyd’s 
Register of Shipping ; Dr. H. M. Finniston, 
United Kingdom Atomic Energy Authority ; 
Dr. Ivor Jenkins, The General Electric 
Company, Ltd. ; Professor A. G. Quarrell, 
University of Sheffield ; Mr. L. Rotherham, 
United Kingdom Atomic Energy Authority ; 
Mr. S. S. Smith, Imperial Chemical Indus- 
tries, Ltd., Metals Division, and Major 
P. L. Teed, Vickers-Armstrongs (Aircraft), 
Ltd. People interested in the activities of 
the committee are invited to communicate 
with Lieut.-Colonel S. C. Guillan, the 
secretary of the Institute of Metals, 4, 
Grosvenor Gardens, London, S.W.1. 


Proposed Line of St. Albans By-Pass 
Motorway 


Detaits of the proposed route of the 
St. Albans by-pass motorway, estimated to 
cost £5,500,000, have been announced by 
Mr. John Boyd-Carpenter, Minister of 
Transport and Civil Aviation. The by-pass, 
which will be over 16 miles long, will link 
London’s North Orbital Road and the 
Watford by-pass with the proposed London- 
Yorkshire Motorway and the A.6 near Luton. 
Its purpose is to take traffic now leaving and 
entering London on the A.5 and A.6 and to 
ease the congested and dangerous conditions 
in Elstree, Radlett, Park Street, St. Albans 
and Redbourn. It is estimated that some 
18,000 vehicles pass through St. Albans 
every day, including traffic from the A.5 
and A.6 trunk roads, which cross each other 
in the main shopping centre. Two-level 
junctions will be built at four points on the 
by-pass, and there will also be a flyover at 
the junction with the London-Yorkshire 
Motorway. The line runs roughly north and 
south, with an inverted “‘ Y” at the base. 
The two southern branches start from the 
Watford by-pass and from the A.5 near 
Park Street, where the A.5 joins the London 
North Orbital Road, south of St. Albans. 
They will have dual carriageways, each 24ft 
wide but the main northern stretch will have 
dual 36ft carriageways. Roundabouts will 
be constructed at the southern junctions with 
the Watford by-pass and with the A.5 at 
Park Street and at the northern junction 
with the A.6. At Waterdale the new by-pass 
will be carried on a viaduct over the North 
Orbital Road, with connecting links, and 





there will be a flyover at the “ Y ’-shaped 
junction of the new roads. A _ two-level 
junction will be formed at the point where the 
new road is joined by a projected spur to 
Hemel Hempstead. A period of three 
months will be allowed for lodging objections 
to the scheme. At a later date the Minister 
will publish a draft Order showing the 
proposals for alterations to side roads and 
to public and private rights of way which 
cross or enter the proposed route of the 
by-pass. Some twenty-seven side roads or 
rights of way are affected. 


Apprentice Training School 

Last Friday the Minister of Supply, 
Mr. Reginald Maudling, opened the new 
building of the Apprentice School of Vickers- 
Armstrong (Aircraft), Ltd., at Weybridge. 
At the ceremony the Minister observed that 
the selling of the “‘ Viscount ” in the domestic 
market of the powerful United States aircraft 
industry was a triumph for a country whose 
natural resources were little more than coal 
and engineering ability, and that schools such 
as this one were of great importance to the 
nation. The school was founded twenty-one 
years ago with thirty boys under training : 
there are now 750 trainees, including appren- 
tices of three grades. The new building, 
commenced last spring, can accommodate 
120 of these apprentices. 


Report of the Electrical Inspector 
of Mines 


THis week there has been published the 
report of H.M. Principal Electrical Inspector 
of Mines for the year 1953. During that 
year, it is stated, the electrical inspectorate 
made 1262 inspections at mines, under the 
Coal Mines Act, 1911, of which 703 were 
underground inspections. Twenty-five in- 
spections were made at mines under the 
Metalliferous Mines Regulation Acts, and, 
in addition, 928 inspections were made at 
quarries. The figures given in the report 
concerning the use of electricity in mines do 
not go beyond June 30, 1953, when, it is 
stated, the total horsepower of electric 
motors in use for all purposes, under the 
Coal Mines Act, 1911, was 3,455,383, the 
number of motors being 112,304. Of the 
total, 67,304 motors were in use underground. 
The report gives some details of accidents 
and “dangerous occurrences” associated 
with the use of electricity at mines in 1953. 
There were two fatal electric shock accidents, 
one on the surface and the other underground, 
and there were sixty-two non-fatal electrical 
accidents resulting in injury to sixty-four 
people. Of these accidents, twenty-four 
occurred on the surface and thirty-eight 
underground. In addition, there were twenty 
dangerous occurrences, in two of which gas 
was ignited when a coalcutter trailing cable 
was damaged by moving coalcutter picks. 
The report comments on the increase during 
the year in the number of non-fatal accidents 
involving electricians. It says that this must 
give cause for concern, and urges that 
managements and electrical engineers should 
consider the nature and contributory causes 
of the various accidents in an attempt to 
try to prevent them recurring in the future. 
Many of these accidents involving electricians 
it is added, could have been avoided with a 
little care. At the beginning of the report, 
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the Electrical Inspector comments on a visit 
he made two years ago to mines in Holland 
to examine electrical apparatus used under- 
ground and on the surface. An interesting 
piece of apparatus was a 200kVA air-cooled 
flameproof power transformer. The observa- 
tion on this is that it could be moved inbye 
near the face with no risk of oil fire, which, 
the report points out, is a possible risk with 
the normal oil-cooled non-flameproof trans- 
former. 


Rural Industries 


Tue Rural Industries Bureau has pub- 
lished its annual report, for the year ended 
March last, under the general title Hand and 
Machine in the Country. It contains a 
great deal of interesting material and empha- 
sises throughout that, although the industries 
of the countryside are small in scale, they 
have a special task in relation to industry 
as a whole. At the same time, it is realised 
that most rural industries must face the 
increasing competitive strength which large 
undertakings derive from advancing tech- 
nique. The Rural Industries Bureau has, 
therefore, been more and more concerned 
with the adaptation of recent technical 
discoveries to small independent users, and 
has concentrated its experimental work to 
that end. In a chapter of the report on 
blacksmithing and agricultural engineering, 
it is stated that one of the Bureau’s note- 
worthy activities has been concerned with 
the planning and building of new and 
improved workshop and business premises. 
The sight of spacious, light and convenient 
workshops coming into being in the villages, 
the report observes, is both gratifying and 
hopeful. The report goes on to say that 
while in the past the Bureau has been much 
consulted on tools and equipment for use in 
the workshop, requests for advice are now 
more concerned with special materials, tech- 
niques and processes, and often relate to 
constructional or manufacturing commissions 
undertaken by the craftsman. The task of 
satisfying these requests for advice, the 
Bureau comments, is becoming more complex 
and sometimes requires considerable research, 
especially in the field of new materials such 
as the alloys and plastics which are being 
developed in great profusion. In the chapter 
on woodworking, it is interesting to note 
that the demand from small boatyards for 
advice on new techniques and designs and 
drawings for slipways and new buildings 
has been steady, and that requests for 
machinery by yards still undertaking work on 
conventional wooden boats have been fre- 
quent. There have also been further requests 
for machinery from yards now building steel 
vessels. The headquarters of the Bureau are 
at 35, Camp Road, Wimbledon, London, 
S.W.19. 


I.Mech.E. Lubrication Group 


THE council of the Institution of Mechanical 
Engineers has stated that at a recent meeting 
it decided, on a recommendation from the 
publications and library committee, that a 
Lubrication Group of the Institution should 
be formed without delay. Steps are now 
being taken to implement this decision and 
the first committee of the new group will 
shortly be appointed by the council. Dr. D. 
Clayton, M.I.Mech.E., has been invited to 
become the first chairman of the group 
committee and has accepted the invitation. 
Further information about this new group 
is to be issued shortly. Members of the 
Institution who are interested are invited to 
join the Lubrication Group, which will 
operate in the same way as the existing 
specialist groups of the Institution. 
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Properties of Matter at High 
Pressure 


By PROFESSOR D. M. NEWITT, M.C., D.Sc., F.R.S.* 
No. II-—(Concluded from page 755, Novertber 25th) 


The forty-second Thomas Hawksley Lecture was delivered before the Institution 
of Mechanical Engineers on Friday, November 18th. Lengthy abstracts from 
the lecture are here reprinted. Professor Newitt considered the properties of 
matter at pressures up to about 100,000 atmospheres, with some reference to 
conditions existing at even higher pressures up to about 1,000,000 atmospheres. 
After introducing his audience to PVT surface diagrams, he considered the present 
status of the steam tables and described methods of measuring high pressures. 
Attention was then directed to the liquid surface, the solid surface and the melting 
and sublimation curves, and the phase behaviour of some binary systems. In 
conclusion some problems in the design of high-pressure equipment were studied. 


THE Liquip SURFACE 

ON the P, V, T, surface (Fig. 1 ante), the liquid 
state is defined by an area bounded by 
the melting and bubble lines and the isotherm 
through the critical point, and there are two 
additional regions in which liquid and solid 
and liquid and gas coexist. The upper 
boundary of the liquid region and the upper 
limit of the melting curve are at present 
beyond the range of experimental observa- 
tion, nor does theory indicate how they 
should terminate. It is not improbable, 
however, that the distinction between solid, 
liquid and gas will disappear at very high 
pressure and that the melting curve will 
terminate at a critical point. A single 
substance will, in general, exist in only one 
liquid phase, but an interesting exception is 
helium, which has two liquid phases of equal 
density but different transport properties. 
A portion of the P, V, T, surface for helium is 
shown in Fig. 7, from which it will be seen that 
there is a triple point at which three different 
phases are in equilibrium but there is no solid. 
A considerable body of data exists on the 
compressibility of a wide range of liquids up 
to pressures of about 30,000 bars, but over 
a comparatively narrow temperature interval. 
In general, the compressibility is found to 
decrease with increase of pressure, the 
average compressibility at 12,000 bars being 
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Fig. 7—Pressure, volume, temperature surface for 
helium 





only about 1/15 that at atmospheric pressure 
(Bridgman, 1949). Furthermore, there is a 
marked tendency for the effect of structural 
differences on compressibility to disappear 
at high pressures. Thus, the values for a 
wide range of organic liquids at 12,000 bars 
vary by a factor of only 1-8, and the change 
of relative volumes between 5000 and 50,000 
bars is in the range 0-20-0-25, even when 
freezing is included. 


* Head of the department of chemical engineering, Imperial 
College of Science and Technology, South Kensington. 





Equations of state representing the P, V, T, 
relationships may take the form of con- 
vergent series equations, which require 
several virial coefficients related in a compli- 
cated way to molecular force fields ; or they 
may be based upon statistical mechanics, in 
which case simplifying assumptions as to the 
structure of groups of molecules in the liquid 
are required. Equations derived in this way 
are restricted by computational difficulties to 
the idealised case of spherically symmetrical 
force fields. Neither approach is therefore 
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Fig. 8—Hudleston diagram for ethyl alcohol 


of immediate practical value, and empirical 
equations are accordingly used for correlating 
experimental data over restricted ranges of 
temperature and pressure. 

If the specific volume of a liquid at any 
temperature is plotted against pressure, a 
smooth curve is obtained, which for most 
liquids can only be represented over an 
extended pressure range by a polynomial 
equation of at least the fourth degree. For 
limited pressure ranges, say, up to 2000 bars 
quadratic equations containing arbitrary 
temperature dependent constants will corre- 
late the experimental data satisfactorily, but 
such equations are not of general validity. 

One of the earliest empirical equations is 
that due to Tait : 

B+ 


k=C log (= ; 


where k is the compression at pressure P and 
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B and C are constants, the former bein 
usually a quadratic function and the latter 
independent of temperature. It may be seen 
that this equation leads to zero specific 
volume at a finite high pressure and couse. 
quently, although it fits closely compression 
data for a number of liquids up to 10,000 
bars, it cannot be expected to hold at very 
high pressures. 

Of the various empirical equations put 
forward in recent years, we have found the 
Hudleston equation to be the most useful for 
correlating compressibility data over a wide 
pressure range. The equation is derived from 
a postulated law of intermolecular force 


F=(L)—L) exp.6- 0) 


in which F is the force acting on one face of 
a cube containing unit mass of the liquid, L is 
the length of the cube side, Ly is the value of 
L at zero (or unit) pressure, and 4 and 84 are 
specific constants. Values of L and L, can 
be calculated from a knowledge of the 
thermal expansion and compression of the 
liquid. Since F=L*P, it follows that log 
L*P/(L,—L) should be a linear function of 
L,o—L ; hence the isotherms on a Hudleston 
diagram are straight lines. 

In Fig. 8 a Hudleston diagram for ethyl 
alcohol extending up to 45,000 atm. and 
over a temperature range —100 deg. to 
+175 deg. Cent. is given. The diagram is 
based upon measurements by Amagat, Seitz 
and Lechner, and Bridgman, and its value for 
correlating these several sets of data will be 
immediately apparent. 

We have found (Bett, Weale and Newitt, 
1954) the Hudleston equation represents 
accurately the P, V, T, relationship of all the 
liquids to which we have applied it, including 
water which behaves in an anomalous 
manner. It also represents the P, V, 7, data 
for solids at pressures up to 100,000 atm., 
the highest pressure at which measure- 
ments have been made to within the experi- 
mental accuracy of the original data. 


THE CHANGE IN THE VISCOSITY OF LIQUIDS 
WITH PRESSURE 


One of the difficulties encountered in 
experimenting with liquids at high pressures 
is due to the very large changes in viscosity 
with pressure. With the exception of water, 
the viscosity of all liquids increases with 
pressure at a rapidly increasing rate, as may 
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Fig. 9—Viscosity of ether and carbon disulphide as a 
function of pressure 
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be seen from Fig. 9, which is based upon 
Bridgman’s measurements for carbon di- 
sulphide and ether at 30 deg. Cent. (Bridg- 
man, 1949). In general, the largest effects 
are found for substances with the most com- 
plicated molecules, it being supposed that 
viscosity involves a temporary freezing 
together of the molecules of the liquid into 
orientated clusters. 

In the case of water at 0 and 10 deg. Cent. 
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there is a minimum viscosity at a pressure 
of about 1000kg per square centimetre, due 
probably to a decrease of association at the 
higher pressures. 


THE SOLID SURFACE AND THE MELTING AND 
SUBLIMATION CURVES 


The regions of coexisting solid and liquid, 
and solid and gas phases appear on the 
P, V, T, surface as narrow shelves, the 
former extending indefinitely along the pres- 
sure axis and the latter terminating at the 
triple point. The projection of these shelves 
on a pressure-temperature plane gives the 
corresponding melting and _ sublimation 
curves. 

The melting point varies with pressure 
according to the Clapeyron equation AV . dP 
=AS.dT and the melting curve may there- 
fore be derived, together with the latent 
heat of fusion (TAS) from P, V, T, measure- 
ments only. Up to some 12,000 bars there is 
no apparent change in the character of the 
melting curves of most solids and nothing to 
indicate that AV and TAS would vanish 
together. AV, in fact, continues to decrease 
with rising pressure, but at a constantly 
decelerating rate and, in some cases, there is 
an increase of TAS sufficiently large to result 
in an increase of entropy difference between 
liquid and solid. The large increase in the 
viscosity of liquids with pressure makes it 
difficult to explore the upper end of the 
melting curve to still higher pressure and 
there is, in consequence, still some doubt as 
to whether it would eventually reach a maxi- 
mum critical value, rise to an asymptotic 
temperature or continue into the region of 
atomic breakdown. 

It is significant that the melting curve may 
often be followed to temperatures consider- 
ably higher than the critical temperature 
between liquid and vapour (Simon and 
others, 1930), a circumstance which suggests 
that any gas may be condensed directly into 
a solid phase at any temperature above the 
critical by the application of sufficient 
pressure. : 

Although in Fig. 1 only a single solid 
phase is shown, it has been found that, in 
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Fig. 10—P, V, T,, surface for water showing all points 


approximately one-third of all the substances 
examined up to pressures of about 100,000 
bars, polymorphic forms exist which divide 
the solid surface into a number of stepped 
areas. This is well illustrated by Fig. 10, 
which is taken from a P, V, T, surface for ice 
ome by Verwiebe from Bridgman’s 
ata. 

The compressibility of the elements is a 
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periodic function of the atomic weight, it 
being probable that the solid rare gases are 
the most compressible with the alkali metals 
coming next in order. With few exceptions 
the coefficient of compressibility decreases 
with increasing pressure. 

The volumes of the five alkali metals as a 
function of pressure up to 100,000kg per 
square centimetre at room temperature is 
shown in Fig. 11 (Bridgman, 1949). It will 
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Fig. 11—Volumes of five alkali metals at room 
temperature as a function of pressure to 100,000kg 
per square centimetre 


be seen that cesium occupies a unique 
position, in that it has a compressibility of 
the order of the most compressible liquids 
and shows two reversible volume discon- 
tinuities at 23,000kg and 45,000kg per square 
centimetre respectively. According to Bridg- 
man, the mechanical characteristics of these 
discontinuities are indistinguishable from 
those of polymorphic transitions, and the 
lower one is almost certainly due to a lattice 
change from body centred to face centred. 
The upper one is not easy to account for, 
since the volume 
change is more than 
nine times that of the 
lower, which itself 
corresponds to a close- 
packed structure. It 
has been suggested 
that it may be due to 
some electronic re- 
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and theory predicts 
that at very high 
pressure all matter (a) 
would eventually dis- 
integrate, giving a 
homogeneous electron 
phase of high density. 
It is possible, on the 
basis of a suitable hypothetical atom model, 
to predict the pressure at which some indica- 
tion of the onset of such a structural break- 
down is likely first to be observed and, in 
general, this is found to lie between 10° and 
10° bars. But even at pressures between 10° 
and 10° bars, changes similar to those observed 
with cesium are most likely for other elements. 
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It may therefore be anticipated that, as the 
higher regions of the P, V, T, surface are 
approached, the phase boundaries between 
solid, liquid and gas will disappear and the 
resultant surface will first be broken by dis- 
continuities, due to successive changes in the 
electronic configuration of the atoms, and 
will finally assume the characteristics of a 
single highly condensed phase. 

There are many reasons for supposing that 
matter may exist in far more highly condensed 
forms than those found on the earth’s crust. 
Thus, pressures of the order of 10’ bars, or 
greater, are postulated for the interiors of the 
white dwarf stars, and Van Maanen’s star, 
for example, is estimated to have a mean 
density of over 5 tons per cubic inch. It 
would appear, indeed, that by far the greater 
proportion of matter in the universe exists 
in highly condensed forms. 


SOME PROBLEMS IN THE DESIGN OF 
HIGH-PRESSURE EQUIPMENT 


To conclude this review, some account 
must be given of the effect on design of large 
unbalanced stresses on materials used in the 
construction of pressure apparatus and equip- 
ment. 

High pressures are conveniently produced 
by raising the temperature of a working 
substance at constant volume as in a steam 
boiler, by causing the working substance to 
react chemically in an enclosed space as in 
the internal combustion engine, or by reduc- 
ing its volume by doing work upon it as in 
a hydraulic press. The latter method is 
almost invariably adopted in static experi- 
ments in the higher pressure domains. The 
apparatus employed consists essentially of a 
piston and cylinder assembly, the piston 
being forced into the cylinder against the 
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(6) Calculated initial stresses due to shrinkage and resultant 
stresses under load. 


Fig. 12—Compound cylinder designed to withstand a pressure of 15,000 bars 


resistance of the working substance by some 
suitable mechanism. 

So long as, the metal of which the plant is 
constructed is not stressed beyond its elastic 
range in tension or compression, elastic 
theory enables the stress distribution under 
load to be estimated with sufficient accuracy 
to admit of suitable factors of safety being 
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included in the design calculations. In these 
circumstances, simple and compound cylin- 
ders or wire-wound cylinders give satisfactory 
service. It should be remembered, however, 
that the walls of compound and wire-wound 
cylinders are highly stressed under no-load 
and a limit to their strength is usually given 
by the maximum initial compressive stress 
which their core metal is able to sustain. 

I have employed both types of construction 
for cylindrical reaction vessels of from 
4in to 14in bore and have had satisfactory 
results up to pressures of about 7000 bars. 
Several such vessels have been constantly in 
use for many years without any sign of 
permanent deformation or fatigue. At 
various times attempts have been made to 
build a compound cylinder to withstand 
higher working pressures, and one such 
cylinder, designed for 15,000 bars, is shown in 
section in Fig. 12(a). The cylinder is of 
din bore, 18in long, and is made up of a 
core over which two outer jackets are 
shrunk, the internal radii of the jackets being 
in geometrical progression. The calculated 
initial stresses due to shrinkage, and the 
resultant stresses under load, are shown in 
Fig. 12(6). It will be noted that in the bore 
layers there is an initial compressive hoop 
stress of 80 tons per square inch and a resul- 
tant tensile hoop stress of 20 tons per square 
inch. (Newitt and others 1937). To with- 
stand these stresses it is necessary to sacrifice 
ductility and to heat-treat the core metal, 
so as to obtain the highest practicable yield 
point. This and subsequent cylinders built 
on the same plan invariably failed at a pres- 
sure of about 9000 bars, a circumferential 
crack developing in the core just behind the 
piston head. The reason for this type of 
failure will be obvious if the change in stress 
distribution during the period of pressure 
development is considered. As the piston 
is forced into the cylinder, the pressure in the 
reaction space ahead of the piston rises 
sharply and in the space behind the piston 
head falls abruptly to atmospheric pressure. 
There is, in consequence, a large stress 
gradient which builds up immediately behind 
the piston head as it advances, and failure 
appears to originate in the narrow band of 
metal supporting the gradient when the 
internal pressure reaches approximately two- 
thirds of the design value. This particular 
weakness is eliminated in autofrettage con- 
struction, the initial stresses in the walls in 
an autofrettage cylinder due to overstrain 
being automatically adjusted along the axis 
to the internal pressure. The conventional 
theory of autofrettaging is confined to small 
overstrains (Macrae, 1930) and the maximum 
pressures which can be supported in vessels 
so designed are far below those required in 
the higher experimental ranges. In these 
circumstances, it is mecessary to adopt 
empirical procedures using comparatively 
large overstrains during autofrettaging and 
accepting a condition of instability in the 
resulting vessel. By constant inspection 
during use, it is usually possible to ascertain 
when permanent deformations are assuming 
hazardous proportions and to take the neces- 
sary precautions. 

Recently, Manning (1945, 1950) has 
described an approximate method for calcu- 
lating the radial and hoop stresses in the 
walls of a cylinder subject to these large 
overstrains and has shown that no matter 
how great the bore strain, there will always 
be a concentric ring in the wall (if it is thick 
enough) outside which the material is still 
elastic. This observation affords some 
justification for a design of compound 
pressure vessels, in which the inner core is 
conical in shape and is forced into a retaining 
jacket by the thrust of the piston as the 
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pressure is developed ; by this arrangement, 
the amount of external support is determined 
by the internal pressure. The general 
arrangement of such a vessel is shown dia- 
grammatically in Fig. 13. Employing this 
type of construction, Bridgman (1940) has 
experimented with pressures up to 50,000kg 
per square centimetre, with a life for the 
pressure vessel of from ten to twenty applica- 
tions. The principal defect of this construc- 











Fig. 13—Compound pressure-vessel with conical inner 
core 


tion is that referred to in connection with 
compound cylinders, namely, that, as the 
piston advances, a large stress gradient 
develops behind the piston head, and rupture 
is likely to occur in this region. 

In principle, it should be possible to 
increase the strength of a vessel almost 
indefinitely by adopting a cascade arrange- 
ment, in which a number of vessels are placed 
one inside the other, each being subjected 
to a predetermined external hydrostatic 

ressure. 

It is usually assumed in the theories of 
plasticity that pure hydrostatic pressure has 
no effect on the process of plastic deforma- 
tion. Since it is commonly accepted that the 
chief factor in the yield and flow of materials 
is a function of the shear stresses, this assump- 
tion is tantamount to believing, as do 
designers of high-pressure equipment, that 
the shear properties of materials are 
unchanged by hydrostatic pressure. It is, 
however, well known that hydrostatic pres- 
sure may influence the strain-to-failure for 
materials. 

Until a few years ago, the main evidence 
for the belief that pressure has no effect on 
the properties of metals at small strains 
was due to Polanyi and Schmid (1923), who 
carried out tensile tests on thin wire made 
from zinc and tin under pressure of up to 
40 atm., and to Cook (1934), who determined 
the shear properties of annealed copper and 
mild steel under pressures of up to 2500 atm. 

Results obtained by Polanyi and Schmid 
showed no effect of pressure, but this is not 
surprising as the pressure range was so small. 
Cook determined the shear properties under 
pressure, by subjecting helical springs 
(10-5mm diameter) made from 27 gauge 
(0-4mm) and 19 gauge (1-Omm) of mild 
steel and copper wire to combined axial 
load and fluid pressure. The coil was 
suspended from one end of a thick steel tube 
containing pure glycerine, the load being 
attached to the lower end of the coil. While 
hydrostatic pressure was being applied to 
the glycerine, the tube was laid horizontally, 
so that no load was applied to the coil ; in 
order to load the coil, the tube was turned 
into a vertical position. The tests on mild 
steel were confined to the part of the stress- 
strain curve between the proportionality 
limit and the yield point. The results of load 
plotted against permanent extension, after 
the removal of load, were very scattered, but 
definitely showed that, for a given load, the 
permanent extension at 2500 atm. was about 
2-5 times that at atmospheric pressure. The 
results suggest that the yield stress was 
unaffected by the hydrostatic pressure. For 
copper, Cook found that the load extension 
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graph was raised, on an average, by about 
4 per cent in stress when tested under 
pressure. 

Cook’s method suffers from the disadvan. 
tages that the test cannot be extended to 
large strains and that only permanent exten. 
sions can be measured. It is also impossible 
to determine a drop in stress at yield if jt 
exists in the material being tested. 

Bridgman (1945, 1952, 1953) has published 
a considerable amount of work on the effect 
of pressure on the properties of metals at 
large strains. His experiments were mainly 
tensile tests on various grades of steel. One 
peculiarity of Bridgman’s experiments was 
that he used a plunger to apply the tensile 
strain to the specimen and, in doing so, the 
plunger continually increased the hydrostatic 
pressure during the test. The increase of 
pressure was quite large, being of the order 
of 40 to 80 per cent in most of the tests. 

In some of his earlier tests, Bridgman 
plotted the engineering stress-elongation 
curves for high-tensile steel at atmospheric 
pressure and at a pressure of between 20,000 
and 30,000 atm. The curves corresponding 
to the two pressures appear to be roughly 
parallel, with the curves for the high pressure 
about 15 per cent higher on the stress axis. 
In his later experiments, Bridgman felt that 
it was necessary to make some correction 
for the fact that the stress across the neck of a 
tensile specimen was not uniform. A correct 
allowance was possible only if the problem 
of the plastic distortion at the neck could be 
solved. He was able to produce an approxi- 
mate solution by assuming that the strain 
across the neck was uniform. Davidenkov 
and Spiridonova (1946) have also analysed 
the problem. The state of stress at the neck 
has been found to consist of a uniform tensile 
stress acting along the axis of the specimen, 
with a superimposed triaxial tension which 
varies across the section, from zero at the 
outside surface to a maximum at the centre 
of the specimen. To determine these stresses, 
it is necessary to know the diameter of the 
specimen at the neck and the radius of 
curvature of the neck in a plane containing 
the axis of the specimen. The practical 
determination of the parameters, required to 
analyse the stress is difficult, especially as 
the neck frequently becomes very irregular 
(Bridgman, 1945, 1952, 1953). 

The results of tension tests in steels, 
nickel, tantalum, columbium, molybdenum, 
tungsten, gamma-brass and antimony, under 
pressure up to 30,000 atm., have shown a 
very small rise in the stress-strain curves. At 
low strains, the hydrostatic pressure had no 
effect on the stress. These results show a 
fairly considerable scatter, which is not 
surprising when the difficulties involved in 
the technique of testing under such high 
pressures and in interpreting the results 
because of the complex stress system at the 
neck of the tensile specimen are considered. 

For ordinary metals, there was one out- 
standing result of the application of a high 
hydrostatic pressure, namely, a large increase 
in the strain-to-failure. 

The degree to which ductility is raised by 
pressure depends on the grade of steel and, 
in general, is less the harder the steel or the 
higher the carbon content. A typical example 
given by Bridgman (1945, 1952, 1953) is 
that of a 0-45 per cent carbon steel, which 
under atmospheric pressure breaks in tension 
with an elongation of twofold or threefold ; 
under a pressure of 25,000 atm., an elongation 
of 300-fold has been observed without 
fracture. 

Bridgman found that the natural strain at 
fracture is very nearly a linear function of 
the hydrostatic pressure. This relation holds 
up to natural strains of five—that is, up to 
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elongations of 100-fold ; at greater strains, 
individual crystal grains upset the geometry 
of the necked specimen and measurements 
cannot be easily made. 

The great increase in ductility of steel in 
tension appears to apply to other kinds of 
deformation. For example, a punch may 
be pushed through a sheet of mild steel, if it 
is immersed ina liquid under high pressure, 
with no breaking out of the punching or loss 
of cohesion. 

Doubts as to the effect of pressure mainly 
arise from the results obtained by Ratner 
(1949), who tested annealed copper, mag- 
nesium, beryllium-bronze, two magnesium 
alloys, a cast aluminium alloy and an alu- 
minium copper-magnesium-zinc alloy in ten- 
sion under hydrostatic pressure. He used an 
apparatus capable of producing a pressure 
of 6000 atm., although the highest pressure 
used was 2200 atm. Except for annealed 
copper, the stress at a given strain was con- 
siderably raised by pressure, 40 per cent in 
the case of beryllium-bronze at 2200 atm., 
the increase being very much higher than that 
observed by Bridgman on other materials 
at a corresponding pressure. For copper, the 
effect of pressure was entirely negligible. 
Ratner concluded that hydrostatic pressure 
had a pronounced influence on the whole 
process of plastic flow, and he thought that 
this influence depended on the structure of 
the metal. 

All the work reviewed so far has been 
carried out in tension. In shear, Bridgman 
(1945, 1952, 1953) has described punching 
tests under high fluid pressures. With this 
form of test, it was possible to plot only the 
shearing stress based on the current area 
against the penetration, and it was impossible 
to determine the correct stress and strain 
because the conditions of plastic flow were 
not sufficiently well defined. For several 
steels, the shear stress at a given penetration 
was considerably raised by pressure, and the 
penetration required for failure was also 
increased. At very high pressures, the punch 
could be driven completely through the 
steel plate without loss incoherence. It was 
also observed, in tests on steel subjected to 
combined torsion and axial compression, 
that the stress-strain curve was raised a 
significant amount by an increase in the 
compressive force. There is no doubt ‘that 
these experimental techniques for determining 
the shear properties are far from ideal, and 
better results would have been obtained from 
a straightforward torsion test ; but Bridgman 
considered that the technical difficulties 
involved in such a test at high pressures 
could not be really overcome. Bridgman 
used the technique of subjecting ‘materials 
to combined torsion and axial compression 
to good effect to obtain evidence of poly- 
morphic transitions and to carry out various 
irreversible effects. For example, red phos- 
phorus may be changed to crystalline black, 
a transition which is not known to take 
place under conditions other than shear under 
a high hydrostatic pressure. 

Crossland (1954) has constructed an 
apparatus in which it is possible to carry out 
torsion tests under hydrostatic pressures up 
to 6000 atm. The shear properties of mild 
steel, copper, zinc, a silicon-aluminium alloy 
and a zinc-aluminium alloy (Mazak) were 
determined in this apparatus at pressures up 
to 3000 atm., and the results show that 
pressure has no significant effect on the shape 
of the stress-strain curves of these metals. 
The strains-to-failure for all the materials 
tested, except zinc and Mazak, were con- 
siderably raised by pressure. There was some 
indication that the relation between strain- 
to-failure and pressure was linear, though 
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these results are not as conclusive as those 
obtained from tension tests by Bridgman. 
The main disadvantage of the torsion test 
is that the stress is not uniform across the 
section of the specimen and it is necessary 
to derive the shear stress against strain curve 


ue-twist record. However, com- 

of the shear stress against strain 
curve at large strains could be obtained 
without the Ity experienced in tension 
owing to the hades of a neck, 

Using the cascade principle, Bridgman has 
succeeded in developing pressures of the 
order of 100,000 bars, which for various 
reasons would appear to be about the prac- 
ticable limit for.this type of construction. 

It will be seen, therefore, that some major 
changes in design methods and experimental 
procedures are required before the higher 
pressures on which interest is now centred 
are likely to be achieved. 
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Marcont MEeEMoRIAL.—A bust of Guglielmo 
Marconi was unveiled recently in the “Hall of 
Fame” at the Engineering Societies Building, New 
York. It has been presented to the American 
Institute of Electrical Engineers by the sculptor, 
Pietro Montana. The unveiling ceremony was 
performed by Marconi’s daughter, Signora. Degna 
Marconi Paresce. 
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Inauguration of British Nuclear 
Energy Conference 


THE inaugural meeting of the British 
Nuclear Energy Conference was held at the 
Institution of Civil Engineers, London, on 
Wednesday, November 30th. In his opening 
address Sir Christopher Hinton, who is 
managing director of the Industrial Group 
of the United Kingdom Atomic Energy 
Authority, and chairman of the Conference, 
said that in ten years nuclear engineering 
had so developed that it was an important 
industry in its own right, and by 1975 would 
involve business in the home market amount- 
ing to some £300 million a year. Nuclear 
energy, he said, should not be regarded as a 
completely new technology, but rather as an 
extension of existing technologies. Indeed, 
Britain ought to attribute her present satis- 
factory position in the field of ‘nuclear 
energy not to her ability to evolve techno- 
logies which were completely new or evolu- 
tionary, but rather to the ability which had 
been shown in adapting and developing 
existing techniques to. new problems. Sir 
Christopher went on to welcome the forma- 
tion of the British Nuclear Energy Conference 
jointly by the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, the 
Institution of Electrical Engineers, the Insti- 
tute of Physics, and the Institution of 
Chemical Engineers. Its main objects 
were to assist in obtaining papers on 
subjects related to nuclear energy; to 
arrange for the printing and publishing of 
these papers in the Journal of the British 
Nuclear Energy Conference, the first issue 
of which would appear in January, 1956 ; 
and to promote meetings, symposia or con- 
ferences on a national or an international 
basis for the discussion of nuclear energy 
problems. Four lectures were delivered to 
the meeting after Sir Christopher’s opening 
address. Sir John Cockcroft, director of the 
Atomic Energy Research Establishment, 
Harwell, outlined the work of the Research 
and Industrial Groups of the Atomic Energy 
Authority and further described the planning 
for the future so-called Stage 2 and Stage 3 
reactors which would eventually succeed the 
gas-cooled graphite-moderated reactors being 
built now by industry. The second lecture 
was given by Mr. V. A. Pask, chief engineer, 
Central Electricity Authority, and Mr. J. C. 
Duckworth, nuclear power engineer, Central 
Electricity Authority. They expressed the 
opinion that, by 1980/1, the number of units 
of electricity required from nuclear fission 
(if the importing of fossilised fuel was to be 
avoided) was about the same as that which, 
it was anticipated, would be produced from 
home-produced coal. The authors showed 
also that if credit for the plutonium produced 
was taken into account, the net generation 
costs from nuclear plant should be very 
similar to those from the most advanced 
coal-fired plant planned up to 1962. Dr. 
A. S. McLean, and Dr. W. G. Marley, in a 
lecture on “‘ Health and Safety in a Nuclear 
Power Industry,” reviewed the general effects 
of radioactivity and indicated the type of 
protective measures which ensured con- 
tinued safe development. Mr. H. J. Grout, 
emphasised the need for accurate, funda- 
mental knowledge, which only the research 
reactor could supply. It was the function 
of the research reactor, he said, to 
provide the intense radiation field where 
the behaviour of reactor materials and 
components could be studied. Costs were 
apt to be high ; for the use of a single 
experimental facility in a high-flux reactor 
they might easily be £100 a day. 









imveg Buyvjwos JO oAlzp s0jowl puv jsod Bury ‘qny [BUD 


Buyse) jPpou pessoulgqns 10; PoUUBYD WIvIq Zu_Pe}O1  Buysnoy Suypyynq Yue} IeMuTy 


4 
w 
wi 
Zz 
7) 
Zz 
oa 
w 
x 
e 


AYOLVUOAVI HOUVASAA OINVNAGOUYGAH ALTVAINGVY AHL LV WVdaeH ONILVLOY HLIM ANVIL UVIONNV 








Dec. 2, 1955 





THE ENGINEER 


Admiralty Hydrodynamic Research 
Laboratory 


To deal with specific problems concerned with the design of underwater bodies the 


Admiralty decided to construct new hydrodynamic laboratories. 


The scheme, 


initiated in 1948, has been developed by the Royal Naval Scientific Service in 

collaboration with the Ministry of Works and was completed last year. The new 

laboratories, now in operation at Teddington, include an office block, and house 
a rotating beam and annular channel, a water tunnel and a water entry tank. 


N the autumn of last year the new hydro- 
| dynamic research laboratories were completed 
at Bushy Park, Teddington, for the Admiralty. 
The scheme was initiated in 1948 when it was 
decided to provide facilities to carry out basic 
research to aid the design of bodies travelling 
under water and the Royal Naval Scientific 
Service, in conjunction with the Ministry of 
Works, undertook the task. This involved the 
preparation of detailed schemes and overall 
planning calling for the solution of many archi- 
tectural and engineering problems, together with 
the design of a number of novel equipment 
items. Work on the main building contract was 
started in December, 1951, and by August, 1954, 
the laboratories were ready for research work to 
begin. These extensions to existing facilities 
consist of an office block, a rotating beam and 
annular channel, and water tunnel and water 
entry laboratories. 

The office block and small laboratory building, 
which is designed to take an additional storey if 
required, is of concrete encased steel frame 
construction with precast concrete panels between 
the steel windows and facing brick end walls. 
Exposed internal walls are of buff sand-lime 
brickwork with partitions of prefabricated 
plaster, ceilings of fibre tiles and floor coverings 
of P.V.C. sheeting, quarries or hardwood blocks. 

Perhaps the most interesting of the new 
laboratories is the rotating beam channel, of 
which we show an external view, and which has 
been built to obtain hydrodynamic data con- 
cerning models moving under water. The 
essential equipment consists of an annular water 
channel and a power-driven rotating towing 
beam which spins over the channel, as can 
be seen in one of our illustrations. Rein- 
forced concrete construction was adopted for 
the annular channel, which has a maximum 
diameter of 136ft, a width of 34ft and a depth of 
15ft. With the natural water table at about 2ft 
below ground level, it was necessary to drive 
sheet piling through the ballast in the blue clay 
to form a ring dewatering system in order to 
provide working conditions suitable for carrying 
out the deep excavation work. The piling was 
driven so as to serve as the outer shutter of the 
main reinforced concrete girdle wall designed to 
support the 160ft diameter dome roof. All the 
concrete used for the underground walls and 
tank was gap graded and then vibrated to remove 
fines in order to ensure that the walls would be 
impervious to water without using a water- 
proofing agent or asphalt. The base of the 
channel has been suitably weighted to remove 
any possibility of it floating on those occasions 
when the water has to be pumped out. 

Vertical baffles consisting of an aluminium 
framework filled in with greenheart and elm are 
placed at intervals around both walls of the 
channel, while radial precast reinforced concrete 
baffles on stools, across the floor of the tank, 
alternate with the vertical baffles. Concrete 
sloping beaches projecting from the walls at 
water level serve to reduce surface disturbances. 
Chlorinated rubber paint has been applied to 
all underwater surfaces. A service-tunnel under- 
neath the channel leads to the centre island and 
observation rooms, one of which we illustrate, 
are provided on both sides of the channel below 
water level. The window frames have sub- 
frames of machined zinc-coated mild steel glazed 
with laminated toughened glass, 1}in thick, 
bedded in rubber and a sealing compound. 
Fine wires are cemented to the glass so that any 
breakage of an observation window will also 
break the wire and so cause the bronze roller 
shutters, with which the windows are fitted, to 


drop and by restricting the flow of water limit 
the risk to personnel. 

Light steel lattice trusses, which were trans- 
ported to the site in halves and then welded, 
placed radially with hinged bearings from the 
steel tension ring at the springing support the 
dome roof and are joined by steel purlins. 
Over the plywood roofing permanent shutters 
of plywood faced with sapele face the reinforced 
concrete supporting ribs, and together with the 
plywood roofing, help to minimise condensation. 
A 2}in thick covering of concrete, having 
granulated cork aggregate over the reinforced 
concrete supporting ribs as _ lightweight 
thermal insulation, is screeded with cement 
and sand and finished with bitumen felt minera- 
lised grey externally. Heating is provided by 
radiators placed around the girdle wall and by 
copper pipes ringing the whole of the dome 
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cross section, but this tapers to an aerofoil section 


over the water channel. Frame and stringer 
assembly, to which the steel plating forming the 
skin is welded, has been adopted for the con- 
struction of the arms so as to obtain maximum 
rigidity combined with minimum weight and air 
resistance. Provision is made for attaching 
models at radii of 45ft, 5O0ft and 55ft by means 
of struts clamped to saddles mounted on the 
beam. The beam, which weighs about 60 tons, 
is driven through bevel and spur gears by a 
600V d.c. motor rated at 1510 h.p. at 750 r.p.m., 
with a short period rating of 1900 h.p. Control 
of the motor is by a Ward Leonard set, the 
main generator of which is rated for an output 
of 1206kW, 600V d.c., while the set is driven by a 
synchronous motor rated at 1720 hp., unity 
factor, 1000 r.p.m., supplied at 11kV, three- 
phase, 50 c/s. The speed of the motor is 
controlled electronically to within +0-1 per 
cent of the maximum, and it is capable of 
accelerating the beam to about 30 r.p.m. in 
forty-five seconds. This speed of rotation gives 
a model attached at 50ft radius a speed of 90 
knots and a speed of 100 knots at 55ft radius. 
Regenerative and electro-mechanical braking 
is used to stop the beam, which, in an emergency, 
can be brought to rest in twenty-five seconds. 
Access to the plenum unit is by a permanent 
arched stairway, while two electrically operated 
hinged gangways give passage over the water 
channel to the centre island; controls of the 
gangways and the beam are interlocked to prevent 
movement of the beam when the gangways are 
down. There are over 1,000,000 gallons of water 





Working section and observation windows of 30in water tunnel 


soffit. In a chamber suspended from the crown 
of the dome there is a plenum unit which serves 
to supply the balance of heat requirements and 
to control the degree of humidity in the building. 
The plant provides cleaned and heated air which 
is directed radially outwards and downwards 
over the internal surface of the roof and. is 
extracted by fans around the outer wall. To 
discourage alge growth the intensity of natural 
lighting has been kept low, while the artificial 
lighting, which is concentrated mainly on the 
water channel, is provided by 300W tungsten 
lamps mounted in specially designed reflector 
fittings. Underwater lighting is fitted in the 
observation area. 

Two symmetrical arms attached to a central 
hub form the rotating beam which has an overall 
span of 122ft and rotates about a fixed king post. 
The centre post and drive assembly, illustrated 
opposite, is located in the central island and 
consists of a fabricated steel bedplate, supported 
on a concrete bed 16ft thick, upon which. is 
mounted the driving motor, brake and David 
Brown gearing and the king post. This is a 


cylindrical steel structure carrying the beam 
hub on two taper roller bearings having an out- 
side diameter of 6ft 9in and spaced 8ft apart. 
Where they join the hub thearmsare of rectangular 





in the annular channel and the water is specially 
treated and filtered, in a plant supplied by the 
Pulsometer Engineering Company, Ltd., to 
make it optically clear so that high-speed photo- 
graphy can be carried out on test bodies run in the 
channel. The water from the channel overflows 
into a scum channel and flows into a collecting 
chamber before passing through the filtration 
units, of which there are three, where it is treated 
with alum and chlorine, and then returns via a 
main to the centre island to be distributed through 
nozzles back into the water channel. The model, 
which can be run at varying depths, has a pressure 
distribution measuring system arranged over the 
forward body and a five component balance 
unit at mid-length for measuring drag, yaw force 
and couple and pitch force and couple. The 
electrical measurements of the forces are trans- 
mitted along the beam by cable to mercury 
pick-up troughs and sliprings and thence to the 
control room where they can be read and 
recorded. 

The 30in water tunnel has been developed from 
the experience gained in operating a water tunnel 
having a working section of 12in diameter and 
which has been running since 1951. The 
building housing the plant is 114ft long, Sift 
wide and 48ft high, and is constructed of steel 
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Plant room on ground floor of water tunnel laboratory 


portal frames with brick external walls with a 
steel deck ceiling lined with acoustic board and 
fibre board, and double-glazed ground floor 
windows. These latter items, together with 
Esavian acoustic sliding folding doors, are 
intended to reduce the transmission of sound 
of both high and low frequency from the plant 
room. To meet the need to provide cover and 
cranage for the erection of heavy plant it was 
necessary to erect the shell without the inter- 
mediate floor, and this was a consideration which 
mainly determined the basic design of the build- 
ing. The first floor is portable and consists of 
steel-framed sections of concrete, P.V.C. sheeting, 
slag wool and an under surface of perforated 
metal sheet. 

Research problems on the behaviour and 
characteristics of bodies travelling under water, 
including the nature of water flow, particularly 
cavitation phenomena, will be investigated in 
the tunnel, having a 30in diameter open jet 
and slotted walls of Perspex strips, capable 
of testing powered models up to 10in in diameter. 
The tunnel is built up of large diameter high- 
pressure piping forming a roughly rectangular 
closed circuit arranged to stand vertically in the 


building. The upper horizontal port of the 
unit, which can be seen in our illustration, is at 
first floor level and includes the working section, 
which has a diameter of about 6ft and a length 
of 18ft and is fitted with toughened glass observa- 
tion windows and equipment to support and 
manipulate the models under test. In the working 
section the water velocities range up to about 
60ft per second, while the pressure can be 
accurately controlled from 45 Ib per square inch 
down to about 2 lb per square inch absolute. 

The lower section of the tunnel is at ground 
floor level and it is here that the Escher Wyss 
vertical axial flow pump having variable pitch 
impeller blades is mounted. A variable. speed 
d.c. motor, rated at 850 h.p., 220 r.p.m., 450V, 
and capable of operation down to 35 r.p.m., and 
fed from a Ward Leonard set, drives the pump 
and its speed is electronically controlled to 
within 0-1 per cent of the maximum. The Ward 
Leonard set consists of a 694kW d.c. generator 
driven by a 1245 h.p. synchronous motor. A 
general view of the plant room on the ground 
floor is included herewith. The water in the 
tunnel is conditioned for temperature, air content 
and optical clarity, and the ancillary plant for 





investigating the water entry phase of air-to-water missiles 
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these purposes is all on the ground floor, while the 
tunnel controls are built into a console on the 
first floor. To ensure that the water is air bubble 
free a “resorber”’ unit is incorporated in the 
circuit and consists of four vertical passes of 
11ft diameter pipe housed in a shaft 65ft deep, 
In the “ resorber”’ section, which immediately 
follows the pump, and of which the last pags 
forms a vertical leg of the tunnel circuit, the 
water travels at a low velocity and is under 
pressure for a length of time sufficient to ensure 
that entrained air bubbles are reabsorbed into 
solution. 

Underwater weapons which commence their 
trajectory in the air and continue it under water 
give rise to research problems connected with 
the water entry phase. For the study of these 
problems an independently sited laboratory has 
been constructed of light steel framing with 
latticed trusses, a steel decked roof system and a 
P.V.C. covered concrete floor. Glass wool quilt 
insulation and plasterboard panels line the 
asbestos sheeting panel walls and blackout 
blinds are fitted to the windows for photographic 
purposes. The building houses a model water 
entry tank, shown in our photograph, 29ft long, 
9ft deep and 5ft wide, made up of panels of 
toughened glass, and suitable for examining the 
behaviour of 2in diameter models fired into the 
water from a catapult. This is of slotted cylinder 
design, similar to the steam catapult now used 
to launch aircraft from aircraft carriers, but 
fired by compressed air. The catapult, which can 
project models at speeds up to 180 knots, about 
300ft per second, corresponding to about 570 
knots on full scale, has an acceleration stroke of 
Oft, giving a maximum acceleration of 200g and a 
Ift retardation stroke. 

The electrical supply is obtained from the 
South Eastern Electricity Board at 11,000V 
and is brought into a six-panel oil circuit breaker 
switchboard consisting of an incoming unit 
feeding circuit breakers supplying the rotating 
beam drive, the water tunnel pump drive and 
two substation transformers for medium and 
low voltage supplies. Low voltage supplies are 
provided by an indoor ground mounting trans- 
former, ratio 11,000/415-240V, rated at SOOkVA, 
which feeds the low tension distribution board. 

The main contractor was Richard Costain, 
Ltd., and the main engineering contractor was 
Costain-John Brown, Ltd., while The English 
Electric Company, Ltd., were responsible for the 
electrical plant. 





British Standards Institution 


All British Standard Specifications can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.\, 


DRAFTING SPECIFICATIONS BASED ON 
LIMITING THE NUMBER OF DEFECTIVES 
PERMITTED IN SMALL SAMPLES 


No. 2635 : 1955. Price 2s. 6d. This publication 
is a contribution to the solution of problems of 
sampling for industrial specifications. It is intended 
chiefly for the assistance of those concerned in the 
drafting and use of clauses in specifications based on 
a statistical analysis of the results of sampling, par- 
ticularly with small samples. For economic reasons 
there is a natural bias towards the use of quite small 
samples, rarely exceeding twenty-five individual 
specimens. A typical specification clause is examined. 
The chances of finding defectives in tests of small 
samples of consignments of different quality are 
discussed, and are illustrated by graphs for different 
sizes of samples and a wide range of percentage of 
defectives in the articles produced. The information 
given in B.S. 2635 can be applied to individual con- 
signments of goods, for which no information other 
than that given by the particular sampling test is 
available, or, better still, to the examination of 
successive consignments to provide information as 
to the general level of quality maintained by the 
producer. The smaller the sample, the more difficult 
it is to differentiate between consignments differing 
greatly in quality. Nevertheless, the routine use of 
such samples tested during production can serve to 
indicate fluctuations in quality and lead to the 
effective control of P reremapan and to the manufacture 
of products of satisfactory quality. On this principle 
depends the operation of control chart techniques, 
which were first used in this country some twenty-five 
years = and are now being more widely adopted (see 
B.S IR : 1942 and B.S, 2564: 1955). On this 
principle, also, the B.S.I. certification mark scheme is 
based, coupled with sufficient independent testing to 
confirm the of the manufacturer’s control 
over the quality of the product. 
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Pneumatic Comparator for Measuring 
Variation in Diameter of Bores 


I. G. MORGAN, B.A. (Oxon), and D. C. BARNES, A.M.I.Mech.E. 


The apparatus described has been developed in the Metrology Division of the 
National Physical Laboratory for the rapid and precise investigation of variation 
in diameter of bores in the range 2in to 6in (51mm to 152mm). In conjunction 
with a suitable reference standard of size it may be used for the absolute determina- 


tion of diameter. 


HE apparatus to be described' has been 
Tava in the Metrology Division of the 
National Physical Laboratory for the rapid and 
precise investigation of variation in diameter of 
bores in the range 2in to 6in (51mm to 152mm). 
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Fig. 1—Principle of pneumatic gauging 


Anaccuracy of measurement within +0-000 Olin 
(+0-25u) is achieved. Whilst the apparatus can 
be used, in conjunction with a suitable reference 
standard of size, for the absolute determination 
of diameter, it is primarily intended for measuring 


7 al Physical Laboratory. 
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Fig. 2—Bore diameter comparator 


An accuracy of +0-000 Olin (+-0-25z) is achieved. 


variation in diameter. Taylerson and Turner? 
have described measuring machines which enable 
the diameters of reference rings to be determined 
to an accuracy of +0-000 Olin (+0-25u). The 
pneumatic comparator is a valuable supplement 
to these machines : after they have been used to 
determine absolutely one or a few specified 
diameters of a bore the comparator can be 
employed to explore for variation in diameter, 
both axially and in azimuth. A large number of 
measurements may be quickly and conveniently 
obtained and these may be related to the 
absolutely determined diameters to provide a 
full and accurate picture of deviation from true 
cylindrical form. 

The principle of pneumatic gauging is well 
known and has been described in earlier 
articles,** so that no more than a brief reference 
to it is necessary here. Fig. 1 shows the con- 
ventional system schematically. Air from a 
constant pressure source escapes to atmosphere 
through two orifices connected in series, P repre- 
sents the constant pressure (referred to atmo- 
spheric pressure as datum) and C and M the 
effective escapement areas of the first and second 
orifices respectively. If P and C are held constant 
then the pressure p existing between the two 
orifices will depend on 
the value of M. By 
varying M and measur- 
ing the corresponding 
values of p a character- 
istic curve of the general 
form shown in Fig, 1 is 
obtained. The actual 
quantities plotted are 
the ratios p/P and M/C. 
Over the range of values 
of p/P from 0-6 to 
0-8 the characteristic 
approximates closely to 
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* astraight line given by 
p/P=A— B. MIC, 


where A and B are 
positive constants whose 
numerical values are 
principally dependent on 
the value of P. It is 
this substantially linear 
portion of the character- 
istic which can be most 
advantageously utilised 
in a pneumatic measur- 
* ing system, it being so 
’ arranged that the vari- 
able to be measured 
controls the escapement 





FRONT VIEW. 


Fig. 3—Detail construction of pneumatic comparator for measuring 
variation in diameter of bores ‘ 
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M (according to a linear relationship) and thus 
the pressure p which operates the indicating unit. 

If the measured variable is denoted by S and 
the design of the measuring head is such that 
M=kS, then 


p/P=A—BkS/C, 


which, on differentiation, gives for the sensitivity 
dp/dS 
dp/dS= — BkP/C. 


By suitable adjustment of k, P and C a high 
sensitivity can be realised. 

The bore diameter comparator is illustrated in 
Fig. 2 and the measuring head, which provides 
the means whereby the diameter being measured. 
controls the escapement at the second orifice (M), 
is shown in detail in Fig. 3. Two spring-loaded 
tubular plungers, A and B, are free to move 
independently in a closely fitting bore in the body 
D. A is spring-loaded against the body and B 
is spring-loaded against A. Small pins working 
in slotted guides prevent rotation of the plungers 
and also serve to prevent them from leaving the 
body when they are free of external constraint. 
In the wall of the body D is cut a parallel sided 
window as shown in the inset (a) in Fig. 3, and 
the inner extremities of the plungers mask this 
window except for a small rectangular slot. The 
length of the slot is constant, being equal to the 
lateral dimension of the window, but its width 
depends on the separation of the plungers. Air 
flowing in the direction indicated passes through 
the slot and thence escapes to the atmosphere 
through vents in the walls of the plunger A and 
the body D. The outer extremity of the plunger 
A is threaded internally to accommodate a collet 
assembly carrying the cylindrical member E at 
the end of which is an insert of tungsten carbide 
radiused to form an anvil. The outer extremity 
of the plunger B contains another insert of 
tungsten carbide, likewise radiused to form a 
second anvil. When the measuring head is in 













use these anvils contact the bore being measured 
at diametrically opposite points, so that the 
separation of the plungers, and, consequently, 
the area of escapement, is controlled by the 
diameter. 

The collet assembly carrying the member E is 
illustrated in the inset (6) in Fig. 3. When the 
knurled screw F is slackened the member E can 
be moved inwards or outwards so that a rough 
adjustment of the anvils to suit the bore being 
measured can be made. Tightening of the screw 
first clamps the member E and then expands the 
split external threaded member G so that it 
becomes a tight fit in the mating thread of the 
plunger A. A fine adjustment is now obtained 
by rotating G. This adjustment may be made 
with the measuring head positioned in the bore 
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and the tight thread renders unnecessary any 
further clamping when the required setting has 
been obtained. The measuring head is located 
within the bore being measured by means of the 
rectangular plate H. A central hole in this plate 
is a sliding fit on the cylindrical exterior of the 
body and by means of the screwed collar J the 
plate is pressed into firm contact with a shoulder 
whose surface is machined accurately square 
with the common axis of the plungers. The 
plate has radiused edges which contact generators 
of the bore, so defining a chordal plane parallel 
to the axis of the bore. Since the common axis 
of the plungers is perpendicular to this plane and 


Regulator 


To Mechanical Linkage 
and Pointer 


Flexible Seal 





Pressure P _ | 
(51b. per sq. in.) 











Diaphragm Capsule 











7 
Control Orifice (C) To Measuring Head (M) 
Fig. 4—Principle of indicating instrument used 
with the pneumatic comparator 





bisects it transversely, the anvils necessarily lie 
in a diameter of the bore. 

The length of the plunger B being fixed, the 
position of the escapement slot in relation to the 
limits of. the window varies according to the 
diameter to be measured, as shown by the full 
and dotted lines in the inset (c) in Fig. 3. In 
order to cover a range of diameters from 2in to 
6in (Simm to 152mm) without making the 
window inconveniently long, two locating plates 
are provided. Both plates are of rectangular 
form with all edges radiused, and each may be 
located with respect to the body in either of 
two positions at right angles. In all, therefore, 
four different chordal spans are available. The 
dimensions of the plates have been selected with 
a view to subdividing the complete range con- 
veniently into four intervals, each interval being 
covered by a suitably restricted movement of 
the plungers. This use of the larger chordal 
spans in the larger bores has the additional 
advantage of providing more positive location 
of the head. 

It is necessary, also, to make provision for the 
required outward extension of the member E 
as the diameter to be measured is increased. 
Two tubular extension pieces are, therefore, 
supplied, each being externally threaded at one 
end and internally threaded at the other. The 
externally threaded end may be screwed into the 
plunger A in place of the collet assembly which 
itself then screws into the internally threaded 
end of the extension piece. In Fig. 2 the measur- 
ing head, equipped with the larger plate and the 
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longer extension piece is on, in position in a 
Sin (127mm) diameter ring. In the foreground 
are the smaller plate and extension piece. 

Manipulation of the measuring head within 
the bore being measured is effected by means of 
the air inlet tube which, as seen in Fig. 2, has a 
cylindrical ebonite grip. The tube is of brass 
and is attached to the measuring head by a 
short length of thick-walled rubber tubing which 
forms a flexible connection so that the self- 
location of the head is not disturbed by the 
operator’s grasp. The tube shown in Fig. 2 is 
about 8in (200mm) long. It can be replaced, 
if so desired, by one of greater length, so that 
measurements may be made in the interior of a 
long bore. 

The measuring head is connected to the indicat- 
ing unit and air supply by means of flexible 
rubber tubing. The indicating unit used is a 
scale and pointer instrument manufactured by 
the Sigma Instrument Company and its principle 
of operation is shown schematically in Fig. 4. 
Air at about 30 Ib per square inch (2kg per 
square centimetre) gauge pressure is supplied 
to a regulator contained within the instrument, 
from which it is delivered at a closely controlled 
pressure of 5 lb per square inch (0-35kg per 
square centimetre) to the first orifice, C, and 
thence to the second orifice, M, in the measuring 
head. The diaphragm capsule, which is used 
differentially, is exposed on its outside to the 
constant pressure P upstream of C and on its 
inside to the variable pressure p between C 
and M. The movement of the capsule is mag- 
nified mechanically and read by means of the 
pointer. It is arranged that full-scale deflection 
of the pointer is obtained for a change in p 
from 3-25 Ib per square inch to 3-75 Ib per 
square inch (0-23kg per square centimetre to 
0-26kg per square centimetre) corresponding to 
a change in p/P from 0-65 to 0-75. 

The comparator was calibrated by mounting 
the measuring head so that the lower anvil 
(B in Fig. 3) was fixed in position and applying 
measured displacements to the upper anvil 
(A in Fig. 3). The sensitivity was adjusted so 
that unit division on the scale corresponded to 
an anvil displacement, i.e. a change in diameter, 
of 0-000 005in (0-125), this representing an 
overall magnification of approximately 20,000 
with an effective range of 0-0003in (7-5) at any 
given setting of the measuring head. 

To investigate the performance of the instru- 
ment, measurements were made on a ring of 
diameter 3in (76mm) which had been deliberately 
machined to have a range of variation of dia- 
meter of approximately 0-O000lin (2-5u). A 
circular scale graduated at intervals of 5 deg. 
of arc was attached to one end-face of the ring 
so that by means of a pointer temporarily attached 
to the measuring head the anvils could be located 
to measure diameters at 5 deg. intervals. Suit- 
ably placed stops provided axial location of the 
measuring head to ensure that all measurements 
were made in a specified diametral section. 
Taking an arbitrarily chosen position as datum, 
the variation in diameter of the ring in this 
diametral section was measured using the pneu- 
matic comparator. The measurements were 
then repeated using one of the bore measuring 
machines of N.P.L. design mentioned earlier in 
this paper.” Fig. 5 illustrates the results of the 
test. The variation in diameter is plotted as 
ordinate against angular position (azimuth) as 
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Fig. 5—Results of comparative tests using various methods of bore measurement 
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abscissa, the full line representing the measure. 
ments made with the pneumatic comparator 
and the dotted line those made with the bore 
measuring machine. It will be seen that at no 
point do the two plots deviate by more than 
0-000 007in (0-2). 

The work described above has been carried 
out as part of the research programme o! the 
National Physical Laboratory and this article js 
published by permission of the director of the 
Laboratory. 
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Flameproof a Flash 
Discharge Se 


THE accompanying aie shows a flame- 
proof electronic flash discharge equipment, 
* FP200,”’ which has been developed, with the 
co-operation of the National Coal Board, by 
Ernest Turner Electrical Instruments, Ltd., 
High Wycombe, Bucks. It is designed to give 
single flashes of white light of high intensity and 
is intended for use with conventional cameras 
under conditions where the presence of inflam- 
mable gases constitutes a hazard. It has been 


certified as intrinsically safe and flameproof by 
the Ministry of Fuel and Power. 

The flash discharge apparatus is contained in a 
cast aluminium-silicon alloy case, which is 
designed as a flameproof enclosure to comply 
with the requirements of B.S. 229 : 1946. It 
contains a specially developed non-inductive 
triggering circuit with a short-circuit energy 
dissipation of less than 2 microjoules, so that the 
flash can be synchronised with the shutter of any 
normal camera without any special precautions. 
There is only one control (an “ On’’/* Off” 
switch) and it is operated by a knob with a pro- 
tective shroud on the lid. The only external con- 
nection, is the one to the synchronising contacts 
and it is made by a standard plug and socket. 
A number of identical units can be connected for 
simultaneous operation by one lead. 

The flash energy is stated to be 200 joules, the 
flash factor under average conditions being 
200-300 with high-speed panchromatic emulsion, 
and the average recovery time between flashes 
being about ten seconds. The dry batteries 
housed in the casing are of sufficient capacity for 
several hundred flashes and battery replacement 
can be carried out outside the danger area by 
removing the lid of the flameproof case, using 
the special spanners provided. 

The complete equipment weighs 58 lb and 
measures 14in by 13}in by 13in, excluding the 
carrying handle. 
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Machinery at the 


EXT week, the Smithfield Show and Agri- 
N cultural Machinery Exhibition will be held 
at Earls Court, London. It is the seventh of its 
kind since the show was revived after the war, 
and, like its predecessors, has been organised 
by a joint committee consisting of representatives 
of the Smithfield Club, the Agricultural Engineers 
Association, and the Society of Motor Manu- 
facturers and Traders. The Duke of Norfolk is 
the president. The show will be open daily from 
10 a.m. to 7 p.m. from Monday, December Sth, 
until Friday, December 9th. 

The Smithfield Show has a long history ; it 
was first held in 1798, soon after the formation 
of the Smithfield Club, and its venue was then 
Wootton’s Livery Stables at Smithfield. Sub- 
sequently the show was staged at Dixon’s 
Repository, Barbican, in some premises at 
Sadler’s Wells, at the “‘ Bazaar ’’ off Baker Street, 
and, from 1862 until 1938, in the Royal Agri- 
cultural Hall at Islington. Almost from the 
beginning, the Smithfield Show has included 
farm implements and machinery as well as prime 
livestock. But a century ago, at the time, for 
example, when THE ENGINEER first started pub- 
lication, there was considerably less emphasis 
than there is now upon the machinery and 
implements. In view of the imminence of our 
own centenary, we have found it interesting to 
look back upon what we had to say, in our first 
year (1856) about this show. We referred then 
to the “ Smithfield Club’s annual exhibition of 
fat stock and implements in the Bazaar, King 
Street, Baker Street,” saying that “in both 
departments the number of exhibitors is unusually 
large, and the entries consequently more select 
and meritorious, promising a season of much 
gratification to all interested in the prosperity 
of British agriculture. In the implement depart- 
ment,’ our account continued, “ there are 306 
small rectangular areas, technically termed 
stands, divided among 119 exhibitors, and 
fifteen for steam engines and threshing machines.” 
We then drew the attention of our readers to 
“the inadequate space allowed exhibitors in the 
implement department, the exorbitant charges, 
nevertheless, paid, and the want of a catalogue 
of implements, to enable intending purchasers to 
make a proper selection.”” We felt it right, at 
the same time, to criticise the Bazaar in which 
the show was held—and, in particular, its non- 
sanitary state—and put forward a very strong 
plea for a “ great metropolitan hall of industry, 
capable of accommodating the whole scene, 
including royal, right honourable, honourable, 
and esquires, bovine, ovine, and porcine, together 
with the vast variety of mechanical contrivances, 
from a ‘turnip fly-flapper’ up to the steam 
engine, portable and fixed, our agriculturalists 
are now bringing to bear upon the soil and the 
manufacture of its produce for market ’’ ! 

Our principal interest, of course, continues to 
be in the machinery which will have a prominent 
place at the ‘t Smithfield’? next week. Like 
those who wrote about the show nearly 100 years 
ago, we could say that the exhibits will represent 
“a vast variety of mechanical (and electrical) 
contrivances.”” In the machinery and implement 
sections there will be 378 exhibitors, and their 
display will take up about two-thirds of the 
260,000 square feet of space available at Earls 
Court. Last week, Mr. W. R. Black, chairman 
of the Smithfield Joint Committee, said that 
the manufacture of agricultural plant in its 
broadest sense had now reached major pro- 
portions. Statistics, he added, were quite 
startling, and in some instances a tenfold increase 
in Output on pre-war days could be shown. As 
an indication of the march of mechanisation at 
home, British farmers more than doubled their 
purchases of machinery and fertilisers last year, 
compared with pre-war, and used four times the 
amount of fuel oil. 

It must not be overlooked that for several 
years now more than half the value of the 
United Kingdom’s agricultural machinery output 
has been allotted to export. In the first six 
months of this year the allocation totalled 
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Smithfield Show 
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£32,000,000. There were 85,500 tractors exported 
from British factories between January and 
September, their value of £38,200,000 being 
nearly £2,000,000 higher than the figure for the 
comparable period of 1954. More than half the 
tractors exported in the first nine months of this 
year were consigned to countries outside the 
British Commonwealth and Empire. 

It would be difficult to estimate the number of 
different makes of agricultural and horticultural 
tractors which will be exhibited at the Smithfield 
Show. All those that have become familiar to 
engineers and to farmers will be displayed ; 
there will be some which indicate alterations in 
design details, and there will be some tractors 
which are entirely new. This year, one of the 
new tractors is that which is soon to be put into 
production by David Brown Tractors (Engineer- 
ing), Ltd., Meltham, Huddersfield. It is called 
the David Brown,“2D,” and as will be seen from 
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axle. Vertical pillars, which are clamped to the 
front axle beam on each side of the tractor centre 
line, carry the swivel hitch points, and there are 
top and bottom links which carry the “ per- 
manent ”’ implement headstocks. An implement 
mounting bracket on the permanent headstock 
pillar is adjustable around the axis of the pillar 
for controlling the width and linkage angle. 
There are twin hand levers, on quadrants adjacent 
to the steering wheel, for raising and lowering 
the linkages independently or together by means 
of a servo-controlled air lift mechanism. 

The normal equipment of the tractor includes a 
rear hitch on the centre line, 13in above ground 
level, and a tow plate at the front, 29in above 
ground level. The maximum drawbar pull is said 
to be about 1200 lb. In addition, there is a six- 
spline power take-off shaft, 14in diameter, which 
is situated in front of the gearbox, facing forward 
into the centre of the mounted implement space. 
The speed of the p.t.o. shaft is 643 r.p.m. with the 
engine running at 1500 r.p.m., in second gear. 
The weight of the tractor is approximately 
2000 Ib, its overall length is 9ft 84in, its minimum 
width 5ft 63in, height 4ft 7in, and wheel base 6ft. 
Among the implements which are being produced 
specially for the David Brown “ 2D ” are a right 





Fig. 1—David Brown ‘‘2D”’ tractor, with rear-mounted 12 b.h.p. diesel engine. The implements are 
centrally mounted, most of them on a commion toolbar. The tractor has four forward speeds between 1-65 
and 7-68 m.p.h. at an engine speed of 1500 r.p.m. 


our illustration, Fig. 1, it is certainly uncon- 
ventional in its appearance. 

The tractor is virtually a mobile tool bar, 
incorporating a pneumatic system of implement 
control, and all the implements which are being 
specially designed for use with it are underslung, 
so that they are completely within the driver’s 
vision. The main frame of the tractor is a 
central arched, 4in diameter beam, which, it 
is of interest to note, acts as the reservoir for the 
air lift system. The front axle trunnion shaft 
is mounted in the front end of the beam. The 
front axle is fabricated from steel pressings, the 
pneumatic-tyred 4:00 x 15in front wheels being 
mounted in forks with detachable brackets. The 
axle beam is drilled at 2in intervals to permit 
track adjustment. The rack and pinion steering 
box is mounted on the front axle beam, and the 
track rods are adjustable in length to accom- 
modate wheel track adjustment. 

The tractor is driven by a twin-cylinder, air- 
cooled diesel engine, 34in bore and 4in stroke, 
which is rear mounted and which gives 12 b.h.p. 
at 1500 r.p.m. The gearbox provides for four 
forward speeds between 1 - 65 and 7-68 m.p.h. and 
a reverse speed of 2:48 m.p.h. The makers claim 
that the new tractor is the first to be equipped 
with pneumatic implement control, the power 
for this operation being provided by a small 
built-in air compressor. For attaching the 
implements, the tractor is equipped with a dual 
linkage system which is mounted on the front 





and left-hand single-furrow plough ; a 5ft cut 
centre mounted mowing machine, and a basic tool 
bar to take ridger bodies, cultivator tines, rigid 
hoes for three or four rows, and independent gang 
hoe units. These implements, and others which 
are projected for the tractor, are to be manufac- 
tured by Harrison, McGregor and Guest, Ltd., 
which is now a member of the David Brown 
group. 

Although we are dealing here mainly with some 
of the new tractors which will be on show at 
Earls Court next week, it is not inappropriate 
to refer briefly to one or two of the other exhibits 
which will appear on the David Brown stand. 
They include a universal drawbar which can be 
fitted to the firm’s orthodox tractors. It com- 
prises a swinging drawbar and a detachable 
tow-bar with reversible jaws. When operating 
implements on the hydraulic lift, the tow-bar can 
be carried on the main frame of the tractor. 

Another exhibit will be the David Brown 
Albion toolbar, which is made by Harrison, 
McGregor and Guest, Ltd. It consists of a 
tubular steel main frame, which is available in 
78in and 96in sizes, and which has a headstock 
of fin steel plate. To this frame, several kinds of 
cultivating tines, hoes and ridgers can be 
clamped, together with depth control wheels. 
The clamps, it should be mentioned, have been 
designed for the speedy attachment of the 
tools, and there is provision for the vertical and 
lateral adjustment of each individual assembly., 





Fig. 2—The Fowler ‘‘ Challenger 2 ”’ diesel crawler tractor is powered by 
It is intended for heavy agricultural and 


a Leyland 60 b.h.p. engine. 
medium industrial work 


The tractor which is illustrated in Fig. 2 is the 
“* Challenger 2,”’ built by John Fowler and Co. 
(Leeds), Ltd. It is to be exhibited on the stand 
which will be occupied by that company and its 
associate, Marshall, Sons and Co., Ltd., Gains- 
borough. The “Challenger 2” is the latest 
addition to the series of Fowler crawler tractors of 
similar design and greater power ; it has been 
produced for both heavy agricultural work and 
medium industrial duty. The square main frame 
of the tractor is built up of heavy rolled steel 
sections and plate, and, as may be noted from 
our illustration, there is good ground clearance. 
Power is provided by a Leyland six-cylinder diesel 
engine, 3-96in bore and 4-75in stroke, which 
develops 60 b.h.p. at 1600 r.p.m. The equipment 
includes a 12V, Sin axial starter with a belt- 
driven dynamo. There is a Borg and Beck 14in 
clutch which is operated by a spring-loaded hand 
lever, and which can be dismantled without 
removing the engine. The change-speed gearbox, 
which is flange mounted to the heavy-duty cast 
iron bevel box, is an independent unit which can 
be removed without interference with the engine 
or the rest of the transmission. The gearbox 
provides for six forward speeds, each with a 
positive locking device, the first four of which are 
directly reversible by an independent forward/ 
reverse lever, each reverse speed being slightly 
in excess of its corresponding forward speed. 
The six forward speeds are from 1-5! to 6°17 
m.p.h., the four reverse speeds ranging between 
1-77 and 4-39 m_p.h. 

The clutch and brake steering system for the 
new tractor is similar to that used throughout the 
“* Challenger ’’ series. The steering clutch cam 
is designed in such a way that when the hand 
operating lever is pulled to approximately a 
vertical position the clutch is disengaged. Any 
further backward movement of the lever applies 
the brake. The combined steering clutch and 
brake control unit eliminates the need for steering 
brake foot pedals. There is a foot brake pedal 
which operates the brake on both tracks and 
which can be locked for parking. Another refine- 
ment introduced into this new version of the 
“* Challenger ”’ is the attachment of a guard to the 
track frame, which completely houses the recoil 
unit ; there are also engine side guards which are 
ventilated and easily removable. The track plates 
are 14in wide, the total area of ground contact is 
2061 square inches, and the ground pressure is 
6-6 lb per square inch. The weight of the tractor 
in working order is given as 13,650 Ib, and in first 
gear a drawbar pull of 13,000 Ib is claimed for it. 

A new wheeled tractor which is to make its first 
appearance at the Smithfield Show is the 
“ D-270 ” (Fig. 3), which is a product of Allis- 
Chalmers Great Britain, Ltd., Essendine, near 
Stamford. This tractor resembles the Allis 
Chalmers “ B”’ in most respects, but is fitted 
with a more powerful engine. Engine alternatives 
are offered in the form of either Allis~Chalmers 
four-cylinder petrol or vaporising oil engines, or 
a Perkins three-cylinder diesel. With the latter, 
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the power is given as 27-5 b.h.p. at a governed 
engine speed of 1650 r.p.m. There are four for- 
ward speeds for the tractor, between 2 and 11} 
m.p.h., and a reverse speed of 34 m.p.h. The 
equipment of the ‘“* D-270”’ includes an inter- 
changeable hitch instead of the normal three- 
point linkage arrangement for implements. The 
hitch, incidentally, enables “ three-point *’ imple- 
ments to be used on a single-point draught 
principle. There is also a “snap coupler” for 
the speedy attachment or release of implements. 


(To be continued) 





Developments in Mechanised Welding 
in the Aero-Engine Industry 


By F. G. C. SANDIFORD* 


Presented at the Institution of Mechanical 
Engineers on Friday last, the paper commenced 
by describing the change in the aero-engine manu- 
facturing industry consequent upon the super- 
session of the reciprocating engine. Welding has 
been found to be of most general interest, and 
we reproduce the brief description of the main 
welding processes. This was followed by an 
illustrated review of a wide range of applications 
of fusion and resistance welding in current use at 
the Rodney Works of the Engine Division, Bristol 
Aeroplane Company, Ltd. 


BROADLY, welding is classified into two basic 
types, namely, fusion welding and resistance 
welding. 

Fusion welding refers to the various gas or arc 
processes where the parts to be joined are melted 
together with or without filler metal and without 
pressure. 

Resistance welding refers to the use of elec- 
trically operated welding machines where the 
parts to be joined are welded together by a 
combination of heat and pressure, the heat being 
caused by the resistance offered to a heavy 
current of electricity at the interfaces of the work. 


FUSION WELDING 
With the help of some simple diagrams, it is 
possible to identify the more common fusion 
welding processes. 
(1) Gas Welding.—This method of welding 
uses as a heat source the heat developed by a gas 
flame. This is usually an oxy-acetylene flame, 
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a Fig. 1—Oxy-acetylene welding 


but other combinations are also used (Fig. 1). 
Special torches and nozzles are used to give 
different flame conditions. 


* Production engineer, Rodney Works, Bristol Aeroplane 
Company, Ltd. 
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Fig. 3—The Allis-Chalmers ‘‘ D-270 ’’ wheeled tractor can be fitted with a 
four-cylinder T.V.O. engine or with a Perkins three-cylinder diesel. With 
the latter it gives 27-5 b.h.p. at 1650 r.p.m. 


The parts to be joined are melted by the flame 


‘ and the fused metal is usually reinforced by the 


addition of filler material in wire form. 

Flux is usually applied to both top and bottom 
faces of the work and to the filler wire. Its 
function is to reduce and remove oxides formed 
when the metal is heated to the high temperature 
necessary for welding. Inert or reducing gases 
may be fed to the underside of the weld in lieu 
of flux. 

(2) Carbon-Arc Welding.—This is similar in 
principle to gas welding except that the heat 
source is provided by maintaining an electric 
arc between the work and a carbon electrode 
held in a hand torch (Fig. 2). 
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Fig. 2—Carbon-arc welding 








Flux-coated filler wire is normally used for 
weld reinforcement, but joints can be fused 
together satisfactorily without filler wire. 

(3) Argon-Arc or Heli-Arc Welding (Non- 


Consumable Electrode).—In this method of 
welding, the heat source is provided by an 
electric arc struck between the work and a non- 
consumable tungsten electrode. In addition, a 
flow of argon or other inert gas is fed through the 
torch to shroud the electrode and weld pool in a 
non-oxidising atmosphere. This eliminates the 
customary application of flux (Fig. 3). 
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Fig. 3—Argon-are welding 


As this method of welding is primarily used 
for work of high quality, it is usually necessary 
to protect the underside of the weld from oxida- 
tion and to control the weld bead or penetration. 
This is usually done by : 

(a) Providing a flow of argon gas to the under- 
side of the joint, or, alternatively, by using flux ; 
or (b) supporting the underside of the weld by a 
back-up bar. 

This process is particularly attractive for 
automatic work. 

(4) Atomic-Hydrogen Welding.—In this process 
the heat source is a combination of an electric 





= 2 bee ae Gn. 








Dec. 2, 1955 


arc, sttuck between two inclined tungsten 
electrodes held in a hand torch, and a flow of 
hydrogen across the arc, which, owing to dissocia- 
tion and recombination, results in an arc flame 
of very intense heat (Fig. 4). 
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Fig. 4—Atomic hydrogen welding 


Additional filler material may be added in the 
usual way. 

No flux is necessary with this method except 
as a protection for the underside of the joint, the 
hydrogen flame reducing oxides present on the 
surface and preventing oxygen reaching the 
molten metal. , 

(5) Metallic-Arc Welding.—In this method of 
welding, the heat source is an electric arc struck 
between the work and a flux-coated consumable 
electrode held in a hand torch (Fig. 5). 
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Fig. 5—Metallic arc welding 


The electrode is fed forward as it melts into 
the weld pool, the bare electrode and its flux 
coating forming an alloy with the parent metal. 

The flux coating also forms a slag coating 
over the weld. This prevents oxidation during 
solidification and cooling and the coating is later 
chipped away. 

(6) Argon-Arc or Heli-Arc Welding (Consum- 
able Electrode).—These are known as_ the 
“ Sigma ” or “* Aircomatic ”’ processes (Fig. 6). 
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Fig. 6—‘‘ Aircomatic ’’ welding 


The heat source in this instance is provided 
by an electric arc struck between the work and 
a consumable bare-wire electrode which is fed 
arg and automatically through the torch or 

ead. 
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As previously described, an inert gas is fed 
through the torch to shroud the electrode and 
weld area. 

The electrode is melted by the heat of the arc 
and forms the reinforcement of the. weld as in 
metallic arc welding. 

This method is particularly suitable for high- 
speed or automatic welding. 

(7) Submerged-Arc Welding.—In this process, 
the heat source is provided by an electric arc 
struck between the work and a consumable bare- 
wire electrode (Fig. 7). 

The electrode is fed continuously through the 
welding head and becomes melted by the heat 
of the arc to form the reinforcement of the weld. 

The end of the electrode is always submerged 
in a mound of finely granulated flux whilst 
welding is proceeding, thus effectively shielding 
the arc and the weld area from any oxidising 
atmosphere. 

Although welding current is high, the arc 
remains quiet with almost no glare, owing to 
the flux blanket. : 

This method is very suitable for automatic 
welding. 


RESISTANCE WELDING 
It is next possible to identify the more usual 
resistance welding processes. 
(1) Spot Welding.—The materials to be welded 
are brought together under pressure by a pair 
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a—Pressure applied to electrodes ; no current flowing. 
b—Pressure still applied ; current now flowing, causing local heat 
on account of resistance of interfaces. 
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together. 
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cool electrodes about to part. 
e—Graphical illustration of weld cycle. 
Fig. 8—Spot welding 


of electrodes and a heavy current passed through 
them (Fig. 8). This current sets up a local heat 
owing to the resistance of the interfaces, causing 
the material between the electrode tips to reach a 
molten state and join together. 

Fig. 9 illustrates how this welding cycle is 
effected in practice; from it can be seen the 
principle of a simple spot welding machine. 

The work is placed between the electrodes and 
rests on the bottom one. The foot control is 
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Fig. 9—Typical spot welding machine with electrical 
controls 
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depressed and this operates electrically an air 
valve to release mains air pressure to the head 
cylinder, in turn closing down the top electrode 
to a set pressure. When the set pressure is 
attained, an air switch automatically brings the 
timing controls into circuit. By means of special 
contactors or “ignitron”’ tubes, the main elec- 
tical supply is then applied to the machine trans- 
former, in turn causing very heavy secondary 
current of low voltage to flow between the elec- 
trodes. After a set time, the weld timer cuts out 
the welding current, but the air valve to the head 
is still held open by the forge timer so that the 
materials are forged together whilst cooling. 
Finally, the forge timer automatically trips the 
air pressure and the electrodes open. This 
completes the weld cycle. 

(2) Tack Welding.—Tack welding is similar 
to spot welding except that less pressure and 
current are used, producing a weaker spot weld 
which is called a “‘ spot tack.’’ This operation 
is used mainly to hold components together in 
their correct position prior to finish welding. 

(3) Stitch Welding.—This process is funda- 
mentally the same as spot welding, but the forge 
time is greatly reduced and the welding cycle is 
repeated automatically for as long as may be 
desired. The materials are moved through the 
electrodes, during the period they are apart, 
by manual or mechanical means, allowing one 
spot to overlap the previous one, thereby making 
a continuous weld. It is possible by mechanical 
means to weld 160 spots or more per minute. 

(4) Seam Welding.—The materials are brought 
together under pressure by a pair of roller elec- 
trodes, or in some instances a single roller and a 
mandrel. The wheels rotate and, whilst the 
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Fig. 10—Seam welding 


materials are moving through them, a series of 
high current pulsations are applied resulting 
in a continuous weld seam (Fig. 10). 

Some refinements of seam welding include 
apparatus to allow the electrodes to become 
stationary each time a pulsation of current is 
applied, resulting in a series of overlapping spots 
(each of which has time to cool) to form a con- 
tinuous weld. 





Research on Hearing 


RECENT work at the National Physical Labora- 
tory has been devoted to establishing the auditory 
diagram of the human ear. The diagram takes 
the form of a plot of iso-phons against sound 
power, in dynes per square centimetre, and 
frequency. Any point on, say, the 20-phon line 
represents the intensity and frequency of a pure 
note as loud as a 1000 c/s note 20 d.b. above 
0-0002 dynes per square centimetre, the con- 
ventional threshold of hearing. 

In 1953 the N.P.L. examined the relation 
between phons and loudness numbers, or sones, 
whose numerical value is a direct indication of the 
loudness to the human ear. The recently com- 
pleted investigation, which took over four years, 
had as its subjects 130 men and women of 
normal hearing, a large sample relative to those 
used by earlier experimenters. The auditory 
diagram now drawn covers a wider range of 
frequencies than earlier work and sound 
pressures up to the pain level, about 130 d.b. 
above the threshola. 

This work will form the foundation for the 
examination of the loudness of complex sounds 
not composed of one pure tone. The apparent 
loudness of a complex sound depends both on 
the response indicated by the isophon chart and 
on the “ masking’ effect of one tone upon 
another of closely similar frequency. The 
masking effect will be studied by using synthetic 
“ white” noises, comprising uniform intensities 
through a short range of frequencies, and com- 
paring their loudness with that of pure tones of 
equal energy content. 
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LETTERS AND LITERATURE 


Letters to the Editor 


We do not hold ourselves responsible for the opinions of our 
7” correspondents) 


STAFF FOR NUCLEAR ENERGY 
DEVELOPMENT 


Sir,—The annual report of the Atomic 
Energy Authority dwells on the severe 
difficulties caused to the nuclear energy 
programme by the shortage of design and 
development engineers. There is one source 
that the Authority has not tapped, and that 
is the smaller firms of consulting engineers. 
There is a number of these with highly skilled 
partners and staffs, who could well be given 
contracts for design and/or supervision of 
works. If it be objected that they have no 
experience of nuclear energy, the same 
applied to the entire staff of the A.E.A. when 
first recruited. If the staffs of consulting 
engineers engaged on this work were given 
the same opportunities as those of industrial 
firms, they would be equally competent. 

M.L.E.E. 

London, S.W.1, 

November 19th. 


OUGHT EXAMS. TO BE EXAMINED ? 


Sir.—Referring to the leading article in 
your issue of November 18th, is it not too 
early to decide that our present system of 
technical education is one in which “too 
much stress may not now be laid on the 
teaching of fundamentals ?” 

As Mr. Dance, as reported by you, 
revealed in the discussion on Mr. Love’s 
paper, “‘a great deal of time and effort is 
spent on teaching men to pass engineering 
examinations and comparatively little on 
teaching them the principles of engineering ” 
in the technical colleges and, therefore, 
industry has not yet had the opportunity to 
judge if concentration on fundamentals 
would not produce better technicians and 
technologists from those who now pursue 
professional qualifications through National 
Certificate courses. Very few of the students 
who eventually qualify in this way have 
been subject to teaching which regards 
understanding of, and an ability to work 
from, the principles of a subject as its chief, 
if not its only aim. The great majority 
will have come through courses concentrat- 
ing, from the beginning, on teaching the 
solutions by means of formule to the types 
of questions it is known will be in the 
examination paper ; the latter being set by 
the colleges themselves in such a way as to 
ensure that the accepted minimum proportion 
of students is always successful, providing 
that sufficient “‘ directed’ revision, as it is 
euphemistically referred to, is given. In 
the same courses the amount, standard and 
assessment of the homework and laboratory 
work will have been adjusted so that no one 
is credited with less than 70 per cent, since 
that is the minimum mark which, combined 
with the pass mark of 40 per cent in the 
examination, is needed to satisfy the National 
Certificate requirements. 

This then is often the present pattern of 
technical education which Mr. Dance regards 
as inevitable and “ not necessarily wrong.” 


It may not be as a means of attracting the 
maximum number of students to National 
Certificate courses, and it may be better 
than no technical education at all, but can 
it be defended as a satisfactory method of 
determining professional qualifications ? It 
is the latter, and not the details of courses 
in technical colleges, which is the concern 
of the Institutions, and some action on the 
part of the Institution of Mechanical Engi- 
neers to control more directly its standards 
for qualification is long overdue. The 
Institution of Electrical Engineers does now 
insist on more than the minimum pass mark 
as a condition of exemption and in addition 
requires candidates to take one paper set by 
external examiners. One would like to see 
the Institution of Mechanical Engineers go 
further than this and require all candidates 
for exemption to take common papers in 
four compulsory subjects, two at Ordinary 
and two at Higher National Certificate level. 
College set and externally assessed papers in 
the same subjects would not qualify for 
exemption, although they could still be used 
as the basis of the award of a course certi- 
ficate. 

This action need not await the results 
of the long-term inquiry or research pro- 
posed by Mr. Love and supported by speakers 
in the discussion. That inquiry might, after 
all, and in many years’ time, come to the same 
conclusion as the American committee on 
the “ Evaluation of Engineering Education,” 
which has pronounced strongly in favour of 
more emphasis on fundamentals and basic 
sciences after studying the same problem 
for apparently over four years. If I may, 
Sir, I should like to suggest that a review by 
your American Editor of the work and 
conclusions of that committee would be of 


‘ great interest and indeed of value to your 


readers, as would also some details of the 
research of Kruglak and others on the vexed 
question of the part laboratory work should, 
and does, play in education in engineering 
sciences. 

N. GIBSON 

Gravesend, Kent. 
November 20th. 


Literature 


Education and Training for Industrial Manage- 
ment. By AUBREY SILBERSTON. London : 
Management Publications, Ltd., Manage- 
ment House, Hill Street, W.1. Price 
12s. 6d. 

THIs book presents in a very concise and 
systematic manner a general survey of what 
has been undertaken in this country in 
connection with selection and training 
for industrial management, and it is the 
most comprehensive study of the whole 
subject that has as yet appeared. Having 
marshalled his facts, the author sets out his 
suggestions for the future, while his examina- 
tion of the potentialities of carefully devised 
schemes and their present value show how 
thorough has been his investigation. 

The book is divided into eight chapters in 
the first of which the job of the manager is 
discussed in its three aspects of administra- 
tion, technical knowledge and human rela- 
tions. It is conceded that their relative 


importance must depend on the position ing 
concern of the manager himself and his 
duties. A leading industrialist once affirmed, 
however, that what he looked for ix his 
management staff was 10 per cent of tech. 
nical knowledge, and 90 per cent of common 
sense. Probably Mr. Silberston would 
regard this as crude, but on consideration we 
find true wisdom there. In Chapter 2 prob. 
lems connected with selection are explored, 
among which are considered promotion 
inside the organisation and the employment 
of university graduates in managerial posts, 
While we are told that the latter has not 
found much favour with engineers in this 
country, a number of firms have gone as 
far as to appoint graduates as foremen in 
their works. In Chapter 3 the author states 
that “the aim of management studies is to 
increase a person’s ability to undertake 
responsibility for the work of others,” but 
he justly points out that such studies cannot 
be a substitute for character, intellect, general 
education or technical knowledge, though 
certainly they can help to develop these 
qualities on right lines. Chapter 4 is the 
longest in the book, occupying, as it does, 
about three-fifths of its pages, and it deals 
with the forms of training, the author going 
as far as to say that “‘ classics and philosophy 
must be regarded as being management 
studies,” and undoubtedly they have their 
uses in providing an educated manager. 
We are informed that training may take 
place in technical colleges, universities and 
residential colleges, such as the Administra- 
tive Staff College, which holds three twelve- 
week courses each year, the course being 
attended by sixty people nominated by their 
employers. The training within industry, 
introduced in this country by the Ministry 
of Labour, is now largely used, wholly or 
in part, it being subdivided into job instruc- 
tion, job materials and job relations. A 
large number of companies have their own 
training programmes. Chapter 5 is a short 
one, explaining the technique of training, 
including case-study methods, the syndicate 
method, perhaps best suited for training 
mature students in management subjects, 
and the seminar method in which a student 
reads a paper on some special subject before 
a group of fellow students, with a member 
of the directing staff present, the reading 
being followed by free discussion. It is 
felt that lectures by themselves are insufficient, 
but when coupled with discussion and case- 
studies they may prove very useful. Chapter 
6 is devoted to the question of the value of 
training and here Mr. Silberston frankly 
admits the difficulty of assessment, but 
describes the different attempts that have 
been made; while some authorities say 
that ‘“‘ the experimental method is ultimately 
the only conclusive way of evaluating 
training,” the author only claims that “ at 
their best training courses do more than 
really refresh and stimulate those who 
attend them. They help to give them an 
understanding of modern methods of manage- 
ment,” and also impart self-confidence, 
eradicate muddled ideas, enable them to see 
what other firms are doing, and to have a 
wider outlook generally. In Chapter 7 
the future prospects for management studies 
in the universities are discussed and here 
the book treads debatable ground, for many 
would not agree with the author as to the 
advisability of including management courses 
in a university curriculum. Quite enough 
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has to be compressed into the time allotted 
to the degree course, it can be argued, and 
if management problems have to figure 
within the university’s range they should, 
it can be maintained, only find a place in 
post-graduate work. A useful suggestion 
has been made that courses might be arranged 
in the summer vacation for those students 
who intend to enter the field of management. 
In Chapter 8, headed “‘ Conclusion,” we are 
told that enough has been said to present a 
reasonably accurate, broad picture of the 
present situation. We agree, as also that it 
might be advantageous to have one or two 
more colleges on the lines of the Administra- 
tive Staff College. There can be little doubt 
that all managers would benefit greatly by 
being given an insight into the functions of 
cost accounting, estimating, finance, and the 
broad policy of the firm where they are 
working. In a useful appendix are given 

rticulars of management schemes in four 
motor and allied industries, and it is interest- 
ing to note where they agree and where they 
differ, some taking graduates, others not 
doing so, and in the case of one firm a course 
of speech training is included. Too often a 
manager is conscious of an inferiority complex 
because he cannot express himself con- 
vincingly. Another firm has a course of 
twelve lectures a year on different aspects of 
the organisation, followed by discussion. 
In this connection we might recall the so- 
called “efficiency meetings” held between 
the wars in the Royal Ordnance Factories, 
Woolwich, at each of which the head of a 
department outlined his work, to be followed 
by questions and discussion, this really being 
a foretaste of management training. 

While this book is primarily concerned 
with the motor-car industry, the general 
principles apply to engineering concerns also 
and the author, though evidently in favour 
of management training, does not over- 
estimate its value, realising that it is still in 
its infancy, although much has been done 
in recent years. In connection with the 
part likely to be played by- university gradu- 
ates in future management, a political and 
economic survey, published since this book 
was written, found that 23-4 per cent of 
university graduates entered manufacturing 
industry. Education and Training for Indus- 
trial Management can be recommended to 
all who are concerned with management 
problems as well as to potential managers 
and supervisory staff. 


Conduction Heat Transfer. By P. J. 
SCHNEIDER. U.S.A. : Adison-Wesley 
Publishing Company, Incorporated, Cam- 
bridge 42, Massachusetts. Price 12 dollars 
50 cents. 

THE scope of this book is indicated by the 

chapter headings: Introduction, Steady 

One-Dimensional Systems, Differential Equa- 

tions of Bessel and Legendre, Extended 

Surface, Fourier Series and Integration of 

Partial-Differential Equations, Steady Two- 

Dimensional Systems, Steady-State Numeri- 

cal Method, Steady Heat-Source Systems, 

Steady Porous Systems, Transient Systems 

with Steady and Unsteady Boundary Con- 

ditions, and with Stationary and Moving 

Sources, Transient Numerical Method, and 

Experimental Analogue Method. An appen- 

dix of tables of value in computation occupies 

the last twenty-four pages. 

From this list it will be seen that the 
coverage is wide. It is also deep, in that the 
basic mathematical theory is given in a way 
which graduate engineers will be able to 
understand, while there are numerous 
examples of a practical nature. Thus, the 
problem of fins and extended surface in 
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general, which is exceptionally well treated, 
is introduced by consideration of the tempera- 
ture profile in turbine blades. Problems 
arising in high-speed flight, welding, elec- 
trical engineering and nuclear reactors are 
also discussed as illustrations of the text. 

The mathematical tools which the author 
exhibits and demonstrates are numerous. 
The solution of the partial differential 
equations of conduction by means of the 
separation-of-variables and the Laplace 
Transform methods are explained in some 
detail while other techniques such as succes- 
sive numerical integrations of an integral 
equation and graphical and numerical 
methods are also presented. In connection 
with the latter, there is an up-to-date dis- 
cussion of the convergence and stability of 
the numerical procedures, and criteria are 
given which the computer must observe to 
avoid difficulties. The soap-film, electrical 
and fluid-flow analogies are unusually well 
treated. The author expressly avoids giving 
the impression that any one of these tech- 
niques is always to be preferred. In connec- 
tion with the question of whether to use long- 
winded but general analytical methods or 
quicker but more restricted numerical ones, 
he quotes with approval the remark of 
Gardner: ‘“‘ The choice between such a 
solution (numerical) and an analytical 
approach (if possible) appears to be com- 
parable to a machine-shop problem: A 
certain operation may require one hour 
set-up time for fifteen minutes of actual 
machining ; by spending eight hours on 
making a suitable jig the set-up time may be 
reduced to ten minutes. If less than ten 
parts are to be made it will not pay to make 
the jig; for any greater number it will.” 
Such a workmanlike attitude will commend 
itself to engineers who have to obtain quan- 
titative answers to heat transfer problems in 
a limited time. 

A few errors or infelicities exist. The most 
serious is on page 319, where the Hele- 
Shaw hydraulic analogy, in which a 
viscous fluid flows between two flat plates, 
is introduced by derivation of the equations 
for the irrotational flow of a non-viscous fluid. 
Although both flow systems in fact obey the 
Laplace equation they do so for entirely 
different reasons. 

Apart from this point, which does not 
affect the author’s subsequent development, 
and from a tendency not to appreciate the 
way in which the surface heat transfer 
coefficient depends on non-uniformities in 
the surface temperature, the book may be 
whole-heartedly recommended to post-gradu- 
ate students and to practising engineers in 
search of answers to specific heat conduction 
problems. The author’s style is lucid, and 
there are numerous well-thought-out prob- 
lems on which the student can test his 
understanding. 


Sensitométrie Photographique. By M. 
ROULLEAU. Publications Scientifiques et 
Techniques du Ministére de l’Air, No. 
301. Paris: S.D.1.T., Magasin C.T.O., 
2, Avenue de la Porte-d’Issy (15e). Price 
1400 francs. 

THE present volume surveys the main 

problems of sensitometry which occur on a 

macroscopic scale. After recalling the 

various graphical or numerical representa- 
tions of the characteristic properties of 
sensitive coatings, the main factors are dis- 
cussed which influence the photographic 
process. In particular, an account is given 
of the changes which occur in the character- 
istic curves due to variations in the com- 
position of the radiation received, the 
physical conditions after exposure and the 
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method of processing. A critical study is 
made of the step sources of illumination 
used in tests, and suggestions are made, 
based on the author’s own measurements, 
for new forms of such sources of illumina- 
tion. This is followed by a description of a 
number of different sensitometers, in which 
the advantages and disadvantages of each 
design are discussed, and by a description 
of visual and photo-electric photometers. 
A further chapter is devoted to processing, 
particularly development and drying, and 
the machines which have been built for those 
purposes. Systems of sensitometry are dis- 
cussed in the next two chapters, with special 
reference to the “‘ SOF ” system—* systéme 
official francais ”—which has been accepted 
by the French _ standards institution 
(AFNOR) and adopted by the French Air 
Force and other organisations, and in the 
developments of which the author has been 
engaged. The book concludes with a number 
of practical applications of sensitometry 
taken from the field of photographic photo- 
metry. An_ extensive bibliography is 
appended. 


Books Received 


Noise. By Aldert van der Ziel. London: Chap- 
man and Hall, Ltd., 37, Essex Street, W.C.2. Price 
60s. 


Les Barrages En Voute Mince. By Jean Lombardi. 
Lausanne: F. Rouge and Cie., S.A., Librarie de 
L’Universite. Price 28-70 francs. 


The Petroleum Refinery Engineers Handbook. 
Second edition. By J. F.Strachan. London: E. and 
tag Spon, Ltd., 15, Bedford Street, W.C.2. Price 
50s. 


The Cooling of Electric Machines and Cables. By 
Theodore de Koning. Holland: Zuid-Neder- 
landsche Drukkerij N.V.-’S-Hertogenbosch, Price 
5 doliars. 


Telecommunications Principles and Practice. By 
W. T. Perkins. London: George Newnes, Ltd.. 
Tower House, Southampton Street, Strand, W.C.2, 
Price 21s. 


Practical Design of Simple Steel Structures, Vol. 1. 
Fourth edition. By D. S. Stewart. London: 
Constable and Co., Ltd., 10, Orange Street, W.C.2. 
Price 18s. 

Selected Papers on Engineering Mechanics. Edited 
by G. Gabrielli, F. N. Scheubel, F. L. Wattendorf. 
London : Butterworths Scientific Publications, 88, 
Kingsway, W.C.2. Price 50s. 


150 Practical Ideas on Metalworking Production. 
Edited and compiled by Allan Delafons. London : 
McGraw-Hill Publishing Company, Ltd., 95, Farring- 


don Street, E.C.4. Price 10s. 6d. 


Handbook of Industrial Engineering and Manage- 
ment. Edited by W. G. Ireson and E. L. Grant. 
London: Bailey Bros. and Swinfen, Ltd., 46, St. 
Giles High Street, W.C.2. Price 128s. 


Catalogues and Brochures 


Detoro Sreuite, Ltd., Highlands Road, Shirley, Birmingham. 
—General leafiet giving details of the Deloro Stellite service. 

Tue MorGcaNn Crucrste Company, Ltd., Battersea Church 
Road, London, S.W.11.—Folder entitled “A New Way of 
Looking at Fuel Economy.” 

Prior Sroxers, Ltd., Prior Works, 1-3, Brandon Road, York 
Way, London, N.7.—Leaflet describing the “G.B.F.” fully 
automatic emulsifying oil burner for 200 seconds fuel oil. 

Wesroot, Ltd., St. Helen’s Auckland, Co. Durham.—Illus- 
trated catalogue giving details of a series of technical data sheets 
dealing with the “‘ Westool ’’ standard range of transformers. 

Brook Motors, Ltd., 16/18, Palmer Street, Westminster, 
S.W.1.—Leaflet entitled ‘‘ Changes in A.C. Electric Motor 
Ratings and Performance,”’ relating to electric motors up to 
500 h.p. 


Prorouite, Ltd., Central House, Upper Woburn Place, 
London, W.C.1.—Illustrated folder giving details of a film 
presented by Murex, Ltd., dealing with hard metal and its uses in 
industry. 

INTERNATIONAL COMBUSTION, Ltd., 19, Woburn Place, London, 
W.C.1.—Illustrated log “ Raj d”’ roller Is, 
giving details of a method of pulverising and classifying by air 
separation. 





CLARKE ELLARD ENGINEERING ComPANyY, Ltd., No. 2 Factory, 
Works Road, Letchworth, Herts.—Leafiet dealing with hydraulic 
fork lift trucks designed for short-di hydraulic manipula- 
tion of materials. 





Epwarps HicH Vacuum, Ltd., Manor Royal, Crawley, 
Sussex.—Leaflets giving details of “‘ Vacuum Coating Units, 
Models 12EA,” “6E and 6ES,” “Vacuum Gauges,”’ “ Mag- 
ae Operated Valves for High Vacuum Systems,”’ and price 
ists. 


Tue GENERAL ELectric CompPANy, Ltd., Magnet House, 
Kingsway, London, W.C.2.—Publications covering greenhouse 
heaters, electrical horticultural equipment, electrical farm equip- 
ment, multi-purpose crop driers, and platform and silo grain 
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Experimental Colour Television at 
Alexandra Palace 


In an article on page 581, October 21, 1955, we described a colour television camera 
installed for experimental work at Alexandra Palace. We have since received from 
the B.B.C. details of the camera and other items of equipment which are being used 
to evaluate a “‘ compatible” system based on the American N.T.S.C. standard 
signal, modified to suit British television standards. This equipment, consisting of 
colour slide-and-film scanner, colour camera, signal coding equipment, colour 
picture monitors and colour test apparatus, is described here. The main parameters 
of the modified N.T.S.C. signal are given in an appendix. 


S stated in our issue of October 21, 1955, 

page 581, the B.B.C. has installed equipment 
at Alexandra Palace for a series of experimental 
tests of colour transmission systems. It should 
be emphasised that this work is entirely experi- 
mental and that its sole purpose is to obtain data 
which will be studied by the Television Advisory 
Committee, the radio industry and the B.B.C. 
The test transmissions take place outside normal 
programmes ; they do not constitute a public 
service, nor do they indicate that the start of 
such a service is imminent. 

These transmissions began on October 10th 
and the initial experimental work is being done 
with a particular kind of signal based on the 
standard of the American N.T.S.C. (National 
Television Systems Committee). To appreciate 
how it comes about that such a system was the 
first to be tested by the B.B.C. the history of the 
N.T.S.C. standard should be briefly recalled. 

It was in December, 1953, that the colour 
television standards recommended by the N.T.S.C. 
were approved for public service in the U.S.A. 
There are main characteristics of the 
N.T.S.C. that are relevant to the present B.B.C. 
tests. First, the colour signal is transmitted in 
the same radio-frequency channel and by the 
same transmitters as carry the established mono- 
chrome service. Secondly, it is claimed that the 
system is “‘ compatible,”’ i.e. that existing mono- 
chrome receivers can produce a monochrome 
version of the colour picture which is as good as 
if the picture had originated from a normal 
monochrome camera. Thirdly, it is claimed that 
the standards are such as to allow for consider- 
able future development in the quality of the 
colour picture, in the same way as the original 
specification for the monochrome television 
service has allowed a continuous improvement in 
quality over the course of the years. 

The introduction of the N.T.S.C. colour 
system in the U.S.A. aroused speculation as to 
whether this system would offer the same advan- 
tages in Great Britain if the signal was modified 
to suit B.B.C. monochrome television standards, 
using 405 lines and 50 frames per second inter- 
laced. To examine these possibilities, bearing in 
mind the differences between British and 
American scanning and transmission systems, 
investigations were started in the B.B.C. Research 
Laboratories and in certain firms. 

Work in the laboratories has now reached the 
stage where practical transmission equipment is 
available, and, with the agreement of the G.P.O. 
and the co-operation of the radio industry, the 
investigation will be extended to a wider field. 
The results of these investigations will be at the 
disposal of the Television Advisory Committee, 
which has been asked by the Postmaster-General 
to report on the whole field of colour television. 

The equipment installed at Alexandra Palace 
generates a modified N.T.S.C. colour signal and 
its purpose is twofold: first, to explore the 
degree of compatibility of the system by making 
observations on some thousands of black/white 
receivers ; secondly, to see whether the system is 
capable of producing a consistently good-quality 
colour picture. 

The tests in connection with the first question 
are already proceeding and it is hoped to provide 
a statistical answer in due course. Naturally, 
since colour pictures are being transmitted, some 
experience and knowledge is being obtained on 
the second point, but no wide-scale observations 
are yet taking place because sufficient colour 
receivers are not yet available. ’ 

As the N.T.S.C. signal, which is the basis of 


the experimental equipment at Alexandra Palace, 
may be unfamiliar to British readers, the prin- 
ciples of the system are outlined here. The main 
parameters of the modified N.T.S.C. signal are 
given in the Appendix to this article. 

Because of the physical make-up of the human 
eye, the sensation produced by practically all the 
colours encountered in real life can be repro- 
duced by the additive mixture of red, green and 
blue lights. Therefore in all colour television 
systems with any pretensions to accurate colour 
reproduction, the receiver employs coloured 
lights of red, green and blue, whose intensities 
are controlled by three separate signals from the 
transmitter. The N.T.S.C. signal transmits these 


Fig. 1—Colour television equipment for 
slides 


scanning 
and 16mm film 


three signals as: (a) a luminance (brightness) 
component, and (5) a chrominance (colour) com- 
ponent, having two separate parts. 

The luminance component is the same as that 
which would be produced by a panchromatic 
monochrome television camera looking at the 
same scene, and this signal therefore produces a 
normal monochrome representation of the 
coloured scene on a monochrome receiver. 

The chrominance component consists of two 
colour-difference signals, which, in the simplest 
terms, may be said to convey the hue and degree 
of saturation of the colour information. In the 
colour receiver these three signals representing 
brightness, hue and saturation are combined to 
produce the required intensity from each of the 
red, green and blue lights. The fact that a 
monochrome receiver and a colour receiver can 
simultaneously produce each its own version of 
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the scene from the same signal gives the N.T.S.C. 
system its “‘ compatibility.” 

It would be possible to transmit the chromin. 
ance signal quite independently of the luminance 
signal and in this case the compatibility would 
be virtually, perfect. However, the second 
unique characteristic of the N.T.S.C. signal js 
that the two components have been combined 
in such a way that they occupy the same ‘ota] 
bandwidth as that used by the equivalent mono. 
chrome signal. Because of the way in whic’ the 
human eye perceives colour, the separation of 
luminance and chrominance enables the b:nd- 
width of the chrominance signal to be reduced 
to about one-third of that of the luminance, 
Further saving of bandwidth is achieved by 
placing this reduced bandwidth information at 
the upper end of the luminance band in such a 
way that the inevitable interference (cross-ialk) 
between the two signals has a minimum effect 
on the compatible picture on the monochrome 
receiver. The actual mechanism, by which this 
band sharing takes place, employs a colour 
sub-carrier (in the British version 2°66 Mc/s), 
which is simultaneously modulated in amplitude 
and phase by the two colour-difference signals, 
the carrier itself being suppressed so that the 
chrominance signal exists only when colour is 
present in the scene being transmitted. The 
colour sub-carrier is an odd multiple of half the 
line scanning frequency, and, under these circum- 
stances, the visibility of the “ best”’ pattern 
produced between it and the scanning lines is a 
minimum. 

This ingenious combination of band saving, 
band sharing, suppressed carrier modulation 
and “‘ frequency interleaving ’’ is claimed in the 
U.S.A. to produce an adequately compatible 
signal. Whether or not such is the case in the 
British version applied to typical domestic 
receivers in this country is the chief matter under 
investigation at the present time. 


EXPERIMENTAL EQUIPMENT AT ALEXANDRA 
PALACE 


The main items of equipment installed at 
Alexandra Palace are a colour slide-and-film 
scanner, designed and made by research depart- 
ment, engineering division, B.B.C., and a colour 
camera, signal coding equipment, colour picture 
monitors, and colour test equipment, designed 
and made by Marconi’s Wireless Telegraph 
Company, Ltd. 

Colour Slide-and-Film Scanner.—The colour 
slide-and-film scanner is the source of the 
pictures which are being transmitted for the 
present series of tests of the compatibility of the 
N.T.S.C. signal. It produces pictures from 
slides either 34in by 24in or 2in by 2in, or from 
16mm film, by selection of the appropriate optical 
system. 

The scanner employs the flying spot principle 
and the source of light is a cathode-ray tube of 
which the phosphor emits light as evenly as can 
be achieved over the whole of the visible spectrum. 
The light from the raster on the face of the scan- 
ning tube is passed either through the slide or the 
film as desired and the coloured image so pro- 
duced is then split into three separate parts, 
which represent respectively the red, green, and 
blue information in the picture. This colour 
analysis process is performed by a combination 
of dichroic mirrors, coloured filters, plane 
mirrors and lenses. The three colour separation 
pictures, which emerge from the analyser as three 
physically separate rays of light, are then focused 
each on to a photo-multiplier tube which turis 
the intensity of the light (which is varying in 
accordance with the scene being scanned) into 
corresponding voltages. The three voltages are 
then passed through three separate and identical 
chains of electronic equipment which supply 
gamma correction, correction for the distortion 
introduced by the finite decay time of the light 
from the scanning tube phosphor, and equalisa- 
tion for aperture loss, exactly as in the case of a 
monochrome flying spot scanner. 

The film transport mechanism is a standard 
intermittent motion 16mm projector with a 
“pull-down” time of about 4 milliseconds. 
Since the time available for “ pull-down”’ is 
only 1-4 milliseconds if all the lines of the tele- 
vision picture are to contain information, some 
picture information is inevitably lost. This loss 
occurs at the top and bottom of the picture 
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where about fifteen lines are presented as black. 
To preserve the usual aspect ratio of 4:3 an 
equivalent area at the sides of the picture is also 
black. The picture therefore appears as in a 
black frame, but this disadvantage is 

because the arrangement permits of a simple and 
efficient optical system. Synchronism between 
the film motion and the television picture repeti- 
tion rate is achieved simply by supplying power 
to the synchronous motor of the film transport 
mechanism by amplifying the 50 c/s component 
of the frame pulses. 

Our illustration of the scanner (Fig. 1) shows 
the principal parts. At the bottom right of the 
right-hand cubicle (which is shown open) is a 
large rectangular box containing the scanning 
tube. The recessed three-spoked handle moves 
the scanning tube physically for focusing the 
image. The optical system contained in the 
drum above the scanning tube deflects the light 
from the raster either into the slide holder imme- 
diately above or into the film scanning mechanism 
at the right. The rectangular box at the top left 
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within very close limits so that any particular 
detail of the picture occurs at the same point 
in the scanning cycle of all three. 

The signals from the tubes are amplified in the 
camera and transmitted to the control room over 
three identical cables. In the control room each 
signal is gamma-corrected and equalised in a 
manner very similar to that used in monochrome 
equipments employing the same kind of camera 
tube, and finally emerges as a colour separation 
signal of the same form as that produced by the 
slide and film scanner. 

A general view of the control room is given in 
Fig. 2, in which the camera control desk appears 
in the foreground of the photograph of the 
control room, The three sets of controls, one 
for each camera tube, can be clearly seen. The 
electronic equipment for the camera is mounted 
in the cubicle nearest to the control desk. On 
the left is the film-and-slide scanner. On the 
extreme right is the check colour receiver. 

Signal Coding Equipment.—The signal coding 
equipment includes the special colour waveform 


Fig. 2—Experimental colour studio control room at Alexandra Palace. (Left) film scanner ; (right) power 


supply and pulse generation equipment ; (centre) control console and three-tube colour picture 


monitor ; 


(extreme right) radio check colour receiver 


of the cubicle, which is on pivots, contains the 
colour analysing filters and the three photo- 
multiplier tubes. It is shown in the slide scanning 
position : for film it is swung over to the right 
so that it accepts light emerging from the film 
scanner through the funnel-shaped outlet above 
the transport mechanism. The rack on the left 
of the cubicle just described contains power 
supplies, a control panel and a monochrome 
picture monitor. A further’cubicle (not shown) 
contains the electronic equipment associated with 
the red, green and blue separation signals. 

The Colour Camera.—Coloured light entering 
the lens of the camera is split into three colour 
Separation images by a colour analyser similar 
in principle to that used in the slide-and-film 
scanner. In place of the three photo multiplier 
cells are three “Image Orthicon’’ camera 
tubes of a design developed specifically for 
colour work. These tubes produce the three 
colour separation signals in electrical form. 
Each of the tubes is supplied with the necessary 
scanning waveforms and electrode potentials 
Just as in the case of the single-tube monochrome 
camera. It will be realised that the output of 
each tube is a separate picture of which 
the transfer characteristic between light input 
and voltage output must be maintained in a 
precise manner for the three signals, while the 
geometry of the three pictures must be the same 





generating equipment and the “encoder” in 
which the luminance and chrominance signals 
are formed from the incoming three-colour 
information. 

The “ master” frequency, from which all the 
other scanning and pulse waveforms are derived, 
is obtained from a temperature-controlled crystal 
oscillator whose frequency is 2-6578125 Mc/s 
+8 c/s. This frequency is multiplied by 4/525 
to produce the usual double-line frequency of 
20,250 c/s from which the standard 405-line 
interlaced waveform is generated. (It will be 
noted that the frame repetition rate is asyn- 
chronous with respect to mains frequency, in 
contrast to the existing monochrome service in 
which synchronous working is almost always 
employed.) Multiple outputs of line and frame 
trigger pulses, mixed synchronising pulses and 
mixed suppression pulses are available. 

The input to the encoder consists of the three 
gamma-corrected colour separation signals (red, 
green and blue) which are produced by either the 
slide-and-film scanner or by the camera. The 
encoder may be considered as performing a 
single linear transformation of the three in- 
coming signals, red, green and blue to the other 
three quantities, Y, J and Q, of which Y is the 
luminance signal. The colour sub-carrier is then 
modulated by the J and Q signals in such a way 
that the amplitude of the resultant signal conveys 
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the saturation information and the phase 
conveys the hue. In the absence of colour 
information the sub-carrier is suppressed. The 
complete chrominance signal is added to the 
luminance, which is, of course, in video form. 
Finally, the synchronising waveform is added to 
produce the complete waveform. The syn- 
chronising waveform is normal except that a 
“ burst ’’ of nine cycles of the colour sub-carrier 
is added in the suppression period following 
every line synchronising pulse. This “ burst ’’ is 
used at the receiver to synchronise a sub-carrier 
generator, which is needed for detection of the 
quadrature-modulated chrominance signal. 

The waveform generator and the encoder are 
mounted in the two cubicles (on the right of 
Fig. 2) adjacent to the camera control equip- 
ment. The three other cubicles (in the back- 
ground, right, Fig. 2) supply power for the whole 
of the equipment, with the exception of the slide 
and film scanner. 

Colour Picture Monitors——There are two 
colour picture monitors. One uses three 
separate tubes, the phosphors of which emit 
respectively red, blue and green light. The 
application of the colour separation signals to 
the grids of these tubes produces three colour 
separation images which are combined optically 
by dichroic mirrors to produce a direct viewed 
colour picture. This method brings with it the 
attendant difficulty of superimposing the three 
separate images accurately, just as in the colour 
cameras. However, up to the present this 
method produces the best pictures and its com- 
plication is worth while in a monitor intended for 
technical purposes. This monitor can be seen 
in the centre of the photograph of the control 
room (Fig. 2). 

The other monitor uses a 15in R.C.A. shadow- 
mask tri-colour tube. Since the monitor incor- 
porates its own decoder, the input signal is of the 
N.T.S.C. type and the unit is therefore used for 
general checking and monitoring of the trans- 
mitted signal (Fig. 2) 


APPENDIX 
SPECIFICATION OF THE MoptFtéD N.T.S.C. SIGNAL 


On the assumption that the reader is familiar 
with the N.T.S.C. specification, we give here the 
major parameters of the signals as modified to 
suit the British 405 line standard. 


Colour sub-carrier frequency 2-6578125 Mc/s+8 c/s with a 
maximum rate of change of 
0-1 c/s/s/. 

. At 300 ke/s less than 2 dB down 
At 340 kc/s less than 6 dB down 
At 450 kc/s less than 6 dB down 

{-channel bandwidth... ... At 1-0 Mc/s less than 2 dB down 

At 2-5 Mc/s less than 20 dB down 

Time delay between lumi- £,* EQ* 1” and the components 


~ ¥ 
nance and chrominance of these signals match each other 


in time within 0-07 wseconds 
*Gamma corrected signals 
Delay specification ... ... The overall delay characteristics of 
the transmitted signal conform 
to the shape set out in the fol- 
lowing table to within +0-07 


Q-channel bandwidth 


usecon 
Frequency Envelope Delay 

Mc/s 

0-1 +0-22 

1-0 +0-22 

1-5 +0-22 

1-8 +0-19 

2-0 +0-17 

2:2 +0-133 

2-4 +0-085 

2-6 +0-015 

2-8 —0-12 

3: —0-35 


Picture carrier/sound carrier The difference in frequency be- 


frequency relation tween the picture signal carrier 


and the sound signal carrier is a 
multiple of the line frequency. 
The exact relation is : 


f +330 Summe 


vston sound 


All but the last of these items are direct 
modifications of the American specification to 
suit British standards. The last is an additional 
characteristic of the British signal. Its purpose 
is to make the beat frequency between the sound 
carrier and colour sub-carrier an odd multiple 
of half-line frequency, so that the pattern pro- 
duced on the screen is both stationary and fre- 
quency-interleaved, thus giving minimum visi- 
bility. Only receivers which have an appreciable 
amount of the sound carrier present in the input 
to the vision detector will produce this beat 
frequency, but since its frequency is low (approxi- 
mately 880 kc/s), every precaution to minintise 
its effects is worth while. In the U.S.A. frequency 
modulation, as opposed to the British amplitude 
modulation, is employed for the sound signal. 
This makes rigid frequency locking impossible. 





3500-ton extrusion press with a stretching and de-twisting machine nearby 
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Extrusion Plant for Aluminium Alloys 


Post-war developments in the use of aluminium alloys in the civil engineering, 

shipbuilding and transport industries have created a demand for sections of larger 

size in the strong and medium strength alloys. To meet this demand, and expand 

its extrusion capacity, the British Aluminium Company, Ltd., has built a new 

plant near to an existing factory at Latchford Locks, and has installed a 5000-ton 

press and a 3500-ton press together with reheating furnaces, heat-treatment plant 
and stretching machines. 


FoR over forty years the British Aluminium 
Company, Ltd., has been producing extru- 
sions of aluminium and its alloys at its Warring- 
ton factory, where there is also a sheet and strip 
rolling mill. The extrusion capacity, however, 
has been limited to that of the presses installed, 
which range from 600 tons to 2500 tons, and 
post-war developments resulting in a demand for 
larger sections in strong and medium strength 
alloys for the civil engineering, shipbuilding 
and transport industries showed the need for 
heavier presses. These requirements were 
anticipated by the company and, under repara- 


tions arrangements, a 5000-ton and a 3500-ton 
press of Schloemann manufacture were acquired 
along with heavy section stretching equipment. 
The two presses and associated plant form the 
equipment of the new extrusion works which the 
company has built at Latchford Locks, near the 
Manchester Ship Canal at Warrington, and 
adjacent to the company’s existing Latchford 
Locks factory. This was originally built for the 
reclamation of light alloy scrap and the pro- 
duction of aluminium powder and was taken 
over by the British Aluminium Company, Ltd., 
after the war. The factory has continued as a 


One of the reheating furnaces, as seen from the loading end 


Hydraulic system for the extrusion presses showing air bottles and pumps 


scrap conversion unit for the production of 
foundry alloys, additional plant for milling and 
mixing has been installed together with semi- 
continuous casting units for the production of 
extrusion billets to supply the new extrusion 
works. The new works, for which Sir Alfred 
McAlpine and Son, Ltd., was the general con- 
tractor, is capable of producing all sections 
covered by B.S. 1161 and can supply sections in 
the fully heat-treated condition up to 55ft long 
and non-heat-treated sections up to 75ft in 
length. Thus, the company has a better balanced 
extrusion capacity. 


FAcToRY BUILDING 


The site chosen covers an area of about 1:5 
acres and is situated close to the parent factory, 
which occupies some 4 acres. Test boreholes 
made over the area revealed that for a depth of 
20ft the ground consisted of silt, peat and 
running sand, and that the water table was 4ft 
below ground level, so that it was necessary to 
carry the buildings and plant on piles. These 
are of concrete, 17in diameter, and were driven 
to an average depth of 40ft into red marl clay 
and sandstone and spaced at 6ft 3in centres in 
way of heavy plant, where the loading is 15 cwt 
per square foot, and elsewhere on a grid at 
8ft 4in centres to take a loading of 74 cwt per 
square foot. Additional piles were provided in 
way of building stanchions. Consolidated hard 
red shale was used to raise the site about 3ft 
above ground level and over this was laid the 
124in thick concrete floor, which has been 
designed as a beam spanning the pile caps. 
Prodorite “‘ Ferrogram”’ tiles were laid on 
passageways and in way of heavy wheel traffic, 
while the rest of the floor has a granolithic finish. 
Aluminium P-G-P heavy pattern treadplate has 
been used for duct covers and elsewhere. 

The factory building consists of a single bay 
measuring 550ft by 106ft with a toolroom annexe 
40ft wide and 100ft long, which can be doubled 
in length. Conventional steel construction, for 
which Redpath, Brown and Co., Ltd., has been 
responsible, has been adopted and designed to 
support one 25-ton and two 74-ton cranes having 
a span of 100ft. The profile of the roof truss 
of the main building is of mansard form, which 
allows for glazing on each side of the building, 
above the eaves, together with a continuous 
lantern of glazing along the ridge. Anderson’s 
aluminium “EE” decking, consisting of 19 
S.W.G. corrugated aluminium and Hin insulation 
board covered with two layers of bitumen 
roofing continuously bonded in bitumen com- 
pound, surface dressed with bitumen and finished 
with gravel, covers the roof, which has purlins 
at 6ft. 9in centres and a slope of 5 deg. The 
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aluminium wall cladding is of double skin con- 
struction, the outer skin consisting of Rigidal 
3in pitch, 20 S.W.G., corrugated sheet, normally 
laid and spaced 2in by aluminium distance 
pieces, from the inner skin of Rigidal mansard 
sheet of 24 S.W.G. laid with corrugations hori- 
zontal, which has been Alocrom treated. This 
double skin system has a “ U” value of about 
0:27 and tests carried out during the summer 
months have shown the temperature inside the 
building to be 10 deg. Fah. lower than that of a 
building having a single corrugated aluminium 
sheet covering. 

Roof ventilation and inlet louvres placed at 
low level in the side sheeting provide natural 
ventilation for the building, while heating is by a 
high-pressure hot water system. This has been 
supplied by Matthew Hall,-Ltd., and the hot 
water is provided by a horizontal boiler, built by 
Danks of Netherton, Ltd., which has Clyde 
Automatic oil fuel firing, a working pressure of 
120 lb per square inch and a capacity of 5,800,000 
B.Th.U. per hour. A total of eighty-eight 8ft by 
4ft radiant panels, attached to the walls below 
crane gantry level, and five unit heaters at truss 
tie level maintain the temperature at 60 deg. Fah. 
with one and a half changes of air per hour. 

Since the town’s water service was inadequate 
to meet the demands for heat-treatment quench- 
ing purposes, it was necessary to use water from 
the Manchester Ship Canal. This entailed the 
removal of suspended solids, in order to avoid 
product staining, and the water is purhped to a 
break pressure tank and thence through a self- 
cleaning Glenfield and Kennedy micro-strainer 
to a settling pond having a surface area of 1000 
square feet. From this pond pumps supply 
cooling water at 75lb per square inch to the 
factory, while a high-pressure jet quench is 
provided at each of the presses by a booster 
pump. 

Electricity supplies are taken at 6kV from an 
Area Board substation and distributed over a 
ring main to consuming points and a step-down 
substation. This station is equipped with three 
1500kVA, 6kV/415V English Electric trans- 
formers, together with high and medium voltage 
switchgear. Except for the largest power cables, 
aluminium has been used throughout the installa- 
tion as a conductor material for rubber-insulated 
wiring cables and paper-insulated cables, both 
for medium and high tension. 


FACTORY AND EQUIPMENT 


Extrusion billets, ranging in diameter from 
10in to 16in, are provided by two screw pattern, 
semi-continuous casting machines having a speed 
range from 0 to 15in per minute. There are 
two fixed-hearth, oil-fired melting furnaces of 


Heat-treatment furnace for solution and precipitation treatment 
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8 and 5-ton capacity, and the billets are cut to 
length by a Noble and Lund saw and scalped 
as required, in a machine capable of handling 
billets up to 374in long and 164in diameter, and 
making a jin cut in a single run at a speed of 
2920ft per minute. This equipment is housed in 
the parent factory. 

Associated with each of the presses is a 
Gibbons-Wild-Barfield electric reheating furnace, 
illustrated opposite, rated at 715kW and having 
a three-zone temperature control and five fans 


providing the forced air circulation. Two sets 
of conveyor chains pass through the 9ft 


wide furnace chamber, in which the billets are 
raised to the required temperature in a period 
of time ranging from four to fifteen hours, 
depending upon size and alloy. The two rows 
of billets enter at one end and are discharged 
at the other end of the furnace and the movement 
control of the chain conveyor is interlocked with 
the opening of the discharge door. A transverse 
roller conveyor transfers the heated billet to the 
handling gear associated with each press. 

The 5000-ton press is a four-column unit, 
having a main ram of 54in diameter by 100in 
maximum stroke, and weighs 350 tons. It can 
take billets from 10in to 20in in diameter and 
up to 45in in length, and has a vertical hydraulic 
shear for the removal of the billet discard. The 
run-out table is 36ft long and both the billet 
container and the die holder are induction heated, 
while die sealing is by hydraulic rams operating 
under the full pressure in the system. A piercing 
ram of 500 tons thrust is incorporated in the 
3500-ton extrusion press, which is of three- 
column design and has a main ram of 54}in 
diameter and 83in maximum stroke. The press 
and a stretching and detwisting machine can be 
seen in the illustration. Die sealing is by wedge 
action. Both presses have automatic handling 
arrangements for billets and pressure plates and 
have extrusion speed indicators. 

Acommon hydraulic system, illustrated on page 
804, operating at 3600 Ib per square inch, serves 
both presses, and water plus a corrosion inhibitor 
forms the hydraulic medium. The installation 
consists of eleven air bottles and two air/water 
bottles ; the air bottles each weigh 13 tons and 
have a length of 21ft, an external diameter of 
3ft, a wall thickness of 3in and a cubic capacity of 
560 gallons. A total of five positive displacement 
fixed delivery three-throw pumps, including one 
of 176, one of 73 and three of 63 gallons per 
minute capacity, supply the hydraulic system 
and for initially charging the air hydraulic system 
and for making good any loss of air there is an 
air compressor. Control of the hydraulic pumps 
is by means of float-operated mercury switches 
associated with the air/water bottles. 
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585-ton stretching and detwisting machine 


For heat-treatment purposes there is a 500kW 
horizontal furnace specially designed for the solu- 
tion and precipitation treatment of extruded alu- 
minium sections. This unit, which we illustrate, 
manufactured by Birlec, Ltd., consists basically 
of a heating chamber divided longitudinally into 
two parts, one above the other, through which air 
is circulated at 80ft per second. This high rate 
of air flow ensures that the temperature difference 
across the charge is limited to +2 deg. Cent. and 
is achieved by a baffled twin entry fan having 
5ft diameter fans driven at 550 r.p.m. by an 80 h.p. 
motor. The air passes through the lower chamber 
first, and is deflected through 180 deg. by 
vanes, at the door end of the furnace, to return 
through the upper chamber. The furnace is 
lined with lightweight refractory backed by 
diatomaceous insulating bricks, together with 
a seal which is impervious to air flow and en- 
sures that no air channelling takes place. 

Two separate operations are carried out, 
solution treatment at 550 deg. Cent., followed by 
precipitation treatment at 200 deg. Cent., and 
the respective charge loads for these operations 
are 0-8 tons and 4 tons. Articulated steel skips, 
5ft wide by 1ft high by 60ft long, take the charges. 
The quench tank is placed immediately in front 
of the furnace and consists of a reinforced 
structural steel tank measuring 63ft long by 
7ft 3in wide, sunk below floor level. When the 
charge is ready the skip, which runs on roller 
tracks in the furnace, is withdrawn by an elec- 
trically-operated bogie to mount the quench 
platform which is lowered by means of a 
hydraulic system into the quenching medium 
at a slight angle to ensure that no steam or air is 
trapped in the charge. 

For stretching and straightening the sections 
there is a battery of five machines capable of 
accepting various lengths and of exerting a 
range of pulls adequate for the size of section 
involved. Fielding and Platt, Ltd., has supplied 
a machine having a maximum pull of 30 tons 
and able to handle a section 80ft long and 
incorporating a self-contained oil pump giving a 
pressure of 2240 Ib per square inch. Two of the 
units were manufactured by Joshua Bigwood and 
Sons, Ltd., and include one which can exert a 
pull of 100 tons on a 50ft length of section and 
another giving a 150-ton pull on an 80ft section. 
Both are equipped with facilities for detwisting 
sections under tension and both take their 
hydraulic supply from the 3600 Ib per square 
inch central water system. There is a Kieserling 
and Albrecht machine which operates on a 
self-contained oil pressure system at 1760 Ib 
per square inch and can handle a section SOft 
long and exert a pull of 200 tons. The fifth unit 
is a Schloemann machine which operates on the 
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3600 Ib per square inch central water system 
and has a maximum pull of 585 tons. However, 
this will be increased to 700 tons when a self- 
contained hydraulic supply at 300 atmospheres 
is fitted. At present the machine, which is 
equipped for detwisting under tension and can 
be seen in our final illustration, can ‘accept a 
section 47ft in length but provision has been 
made in the foundations for an extension to 
cater for a 75ft finished length of section. 
Other equipment installed in the works includes 
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30 hp. and 40 h.p.. multi-roll straightening 
machines, a Henry Berry 100-ton horizontal 
bending and straightening press and profile 
correcting machines. An interesting piece of 
equipment is the walking beam machine which 
has been designed and built by the works staff 
and which removes lengths of sections from a 
roller conveyor table by means of retractable 
arms and then moves them transversely by a 
number of oscillating arms to a point where they 
can be picked up by a multi-armed lifting beam. 


Thin Wing Construction 


peer speeds of Mach number 2 result 
in airframe temperatures of the order of 150 
deg. Cent., at least at low altitudes, and demand 
aerofoils of very fine section. Boulton Paul 
Aircraft, Ltd., of Wolverhampton, believes that 
light alloy can be used for wings to meet these 
conditions, and has developed a process for 
building them. The very low angles of attack 


prevailing at supersonic speeds demand 
immensely stiff wings, and consequently the 
material thicknesses become comparable with 
that of the aerofoil section. In such a wing the 
cost of construction is governed to a great 
extent by the aerodynamic design and the 
method envisages an. aerofoil in which the 
surface is generated by straight lines, as, for 
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Fig. 1—Thin wing construction 


Fig. 2—A wing surface being assembled: the spar element can be seen under the 
strip being presented 


Fig. 3—A sample of the joint along the spar 


instance, part of a cone, and the final contour 
is reached by passing a milling cutter along the 
generators. In the case of a 3 per cent thick 
section defined by two circular arcs, a succession 
of cuts at lin intervals would bring the surface 
within 0-0005in of the theoretical curve. 

For the wings at present under construction, 
light alloy to specification L.65 was selected as 
having the best properties at a temperature of 
150 deg. Cent. The metal is formed into strips 
by an extrusion process: in order to get the 
largest strip from the available presses, it is 
extruded not flat but in a shallow trough section, 
with, in the middle of the trough, a ridge that 
eventually becomes part of a spar. The strips 
are subjected to solution treatment and then 
stretch-formed into flat strakes ; about 2} per 
cent strain is im Machining follows 
precipitation treatment, and it is found that when 
a heavy cut has been made the work must be 
allowed time to settle to its final configuration. 
An essential of the machining programme is 
that all the outer skin of the extrusion is removed. 

Each strip runs from centre line to wing tip, 
and is joined to its neighbours by three rows of 
countersunk rivets, clearly visible in Fig. 2. 
Left and right halves of upper and lower surfaces 
are joined by a simple butt joint with one cover 
strap. Each panel, to meet the torsional stiffness 
requirement of the aileron reversal case, mes 
thicker towards the tip as the chord decreases. 
The spars are formed by spines at the middle 
of each strake, butting together on the centre 
plane of the wing, and bolts passing through 
these spars hold upper and lower surfaces 
together. In between the bolts the spars are 
thinned down, the cutting being done on a 
“ Hydrotel’’ machine from a single master. 
The final machining of the wing is done after 
the two halves are assembled and consequently a 
very positive lock is required on these bolts. 
The bolts are steel, with a central plain portion 
to take the shear load; the nuts are L.65, 
although in the sample joint of Fig. 3 the main 
nuts have been made of brass to render them 
distinguishable. The lock nuts are machined 
with 1 deg. less taper than the inner surface of 
the main nuts, and consequently when they are 
tightened the threads at the nose of the lock nut 
are crushed on to those of the bolt and locked. 
The projecting heads of the nuts are then 
machined off. Vibration tests on specimen 
joints have failed to loosen these fittings. The 
wings cannot, of course, be split once the flats 
on the nuts are cut away, and on the experi- 
mental batch strain gauges are attached to the 
inner surfaces before the wing is assembled. 

The general arrangement drawing shows pro- 
vision for hinged surfaces before and behind the 
central torsion box. The former is a nose flap, 
to give a reasonable lift coefficient at landing 
speeds, and the latter, control surface. The 
symmetry of the section is maintained through 
these appendages, which have leading and trailing 
edge radii of the order of 0-O5Sin. 
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Low Temperature Drying-Out of 
Transformer Coils | 


A LOW-TEMPERATURE process for drying 
out wound transformer cores is used at the 
Packard Electric Company’s No. 2 Plant in St. 
Catharines, Ontario. 

Air, dried by adsorption on passing through 
activated alumina, is heated electrically and then 
circulated around the wound transformer core 
sealed in a dry-out oven. The temperature of the 
insulation is not permitted to exceed the con- 
trolled 158 deg. Fah., and thus there is no risk 
of damage to the insulation during dry-out. 

In the drying unit the condensed water vapour 
adheres to the large internal and external surface 
exposed by the activated alumina. After the 
adsorbent has taken up its fill of water vapour 
this water vapour may be readily driven off by 
applying heat under suitable conditions and at 
the proper temperature, reactivating the alumina 
for another drying cycle. The alternate pick up 
of water vapour by the activated alumina, and 
the adsorbent’s reconditioning by heat can be 
continued indefinitely, without deterioration of 
the material. 

The drying unit is installed close to the drying 
oven and is designed to operate automatically, 
giving a continuous supply of warm dry air. It 
is divided into four compartments, in each of 
which there are two trays of activated alumina ; 
some of these are on drying duty while the 
remainder are being reactivated and prepared 
for another drying cycle. A motor-driven 
rotary valve directs the flow of both moist air 
to the drying sectors and reactivating air to the 
sectors undergoing reactivation. 

The drying cycle and the reactivation process 
are shown here diagrammatically. The main 
blower draws moist air out of the lower part of 
the oven. This air passes through an after-cooler. 
The after-cooler lowers the temperature of the 
moist air to the optimum value for adsorption. 
The cool air is then allowed by means of the 
rotary valve to pass through the unsaturated 
trays of activated alumina. The resultant dry 
air then passes through an electrical heating 
system of five three-phase elements which are 
controlled by mercury switches with a recorder 
thermostat, to ensure that the air entering the 
oven is at the correct temperature of 160 deg. to 
170 deg. Fah. From the heating system the dry 
heated air enters the oven at the top. In the 
oven this air is circulated by a fan. 

Air which has circulated through and around 


the transformer core and coil assembly, picking 
up moisture, drops to the bottom of the oven, 
where it is sucked back through the after-cooler. 

In the reactivating process air from the room 
is drawn through a heater by means of a third 
blower. The rotary valve directs the flow of this 
heated air through the saturated trays of acti- 
vated alumina. Heat from the air releases the 
adsorbed water and it returns to the air as water 
vapour, which is exhausted up a flue. The 
activated alumina equipment and the drying 
oven are illustrated here. 

To determine the drying-out period a log of 
power factor readings 
of the insulation is kept 
during the process, and 
this log determines the 
correct time for removal 
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temperatures used and the control gained by 
charting power factor ensure that no harm is 
done to the coil insulation during the actual dry- 
out period. Power factor readings are also 
taken on the completed transformers before 
shipment, and all units dried out by this process 
test yield figures less than 2 per cent power factor. 

The work of drying is carried out at the com- 
pany’s new No. 2 plant, which houses the opera- 
tions covering the complete fabrication of 
transformers, their assembly, testing, finishing 
and drying. Present facilities permit the manu- 
facture of transformers for voltages above the 
69kV class, and with outputs of up to approxi- 
mately 50,000kVA. 

The generator room, which supplies the 
power to the testing department, has two 
2000kVA generators delivering full kVA at six 
different voltages from 695V to 4800V at 25, 60 
or 150 c/s. There are several test panels, includ- 
ing the main transformer panel, and besides 








from the oven. The 
general trend is for the 
power factor to rise to 
a maximum and then 
decrease and flatten out, 
followed by a slight 
dip. The initial rise is 
because of existing mois- 
ture gathering together 
and causing high dielec- 
tric losses in a few spots. 
If drying is continued, 
even though the air is at a 
relatively low tempera- 
ture, deterioration of the 
insulation begins, which, 
of course, is an intoler- 
able condition. The time to take the transformer 
out of the oven is when the curve has finished its 
flattening off, just before the dip. The time for 
this condition to be reached may be as low as 
twenty hours on small transformers. 

By the previous method of drying a trans- 
former core and coil unit, one of the windings 
was short circuited and about 50 per cent rated 
current was applied. The degree of dryness was 
determined from megger readings of windings 
to ground. This process took usually one and a 
half to two weeks and sometimes three weeks. 
Time comparisons alone indicate the great 
advance that has been made in the drying of 
transformer coils. 

More important, however, a better dry-out job 
is being done with the new process. The low 
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the standard testing equipment the No. 2 plant 
is equipped with impulse testing apparatus. 

This article is based on information supplied 
by Mr. D. A. Wiegand, of the Packard Electric 
Company’s engineering department. 





1000W Quartz Tubular Infra-red 
Lamp 


To provide higher radiation intensities than 
are normally obtainable from an ordinary 250W 
industrial infra-red lamp, Philips Electrical, 
Ltd., has developed what is claimed to be the 
first 1000W quartz tubular infra-red lamp in 
Europe. The tube is made of quartz because it is 
resistant to high temperatures and its low 
coefficient of expansion allows it to withstand 
rapid local cooling. 

The lamp has a power consumption of 1000W 
and a diameter of only 10mm ; the length of the 
filament is approximately 290mm and the power 
consumption per centimetre is therefore in the 
region of 35W. The life of the lamp is approxi- 
mately 5000 hours when operated on the rated 
voltage. 

The ordinary 250W industrial infra-red lamp 
can be installed to provide 2-5W per square 
centimetre by arranging three lamps in the form 
of a triangle with a distance of 15cm between the 
lamps, centre to centre. This value is trebled by 
using the new quartz lamps, the distance between 
lamps, centre to centre, being Scm. This rating 
renders them eminently suitable for all those 
applications where a high temperature and/or 
extreme concentrations of energy are required. 
Whereas the glass normally used for incandescent 
lamps transmits infra-red rays up to a wave- 
length of about 5 microns, the transmission of 
quartz extends to wavelengths longer than 
7 microns. The colour temperature of the fila- 
ment is equal to that of normal infra-red lamps— 
about 2200 deg. K. 





ALUMINIUM WELDING SymMPostuM.—The organising 
committee for the Symposium on the Use and Welding 
of Aluminium in Shipbuilding announces that the 
meetings will be held at the Institution of Civil 
Engineers, Great George Street, Westminster, S W.1, 
and not at the Institution of Naval Architec.s, as 
arranged previously. 
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Flame Research at Ijmuiden 


No. II—{ Concluded from page 758, November 25th ) 


CoAL PREPARATION 


T= coal preparation plant (Fig. 4) has been 
constructed with the object of supplying the 
furnace with dry pulverised coal of a wide range 
of characteristics, from anthracite to lignite and 
from 8 per cent to 30 per cent ash. The arrange- 
ment has therefore to be flexible, the crusher, 
drying mill and weighing equipment being inter- 
connected through storage hoppers. Maximum 
plant capacity is 500kg pulverised coal per hour, 
having a fineness of 95 per cent through B.S. 
sieve 200 (76). After the coal has been broken 
up in a hammer mill in order to facilitate drying, 
it is dried to below 1 per cent moisture by passing 
it through burnt coke oven gas, the temperature 
of which is controlled by dilution with cold air. 
The cyclone after the drier deposits the coal in a 
storage hopper. Fine grinding is carried out by 
means of a ball mill and classifier working in 
conjunction. A second cyclone collects the 
ground coal and deposits it in the pulverised fuel 
bunker, this part of the system forming a closed 
loop. The weighing hopper has an accuracy of 
0-5kg and is used to check coal consumption 
over several hours, while the instantaneous rate 
of pulverised fuel delivery is set and maintained 
by a belt weighing machine discharging into a 
venturi in the primary air system. 


AIR PREHEATER 


For work with pulverised fuel the use of an 
air preheater (Figs. 5 and 6) was essential. It was 
decided to install a heater which could also 
supply the oil and gas-fired furnace so that com- 
parative tests could be carried out with hot and 
cold air. In order to simplify the arrangement 


and to render the preheater control independent ~ 


of furnace conditions, the preheater is separately 
fired, with up to 1600 cubic metres per hour of 
blast-furnace gas. It is constructed of smooth 
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alloy steel tubes (Schack design), which are 
counterbalanced to allow for heat expansion. 
The preheated air passes through a refractory- 
lined duct to the two furnaces. 


INSTRUMENTATION AND ANCILLARY EQUIPMENT 


All test leads from the two furnaces are 
collected on a control panel, on which are 
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Fig. 4—Coal preparation plant. 
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mounted six recorders and one indicator, Elec. 
trical outputs from the radiation and suction 
pyrometers, thermocouples in walls and roof, 
and heat flow meters can be applied to any of the 
recorders, some of which are line recorders and 
some multi-point instruments. 

Gas analysis is carried out in another room 
near the furnace stacks. The equipment includes 
an oxygen recorder for making rapid surveys 
of the flow pattern inside a furnace or for testing 
the waste gases. Both instrument room and gas 
analysis room are dust protected by slight excess 
pressure. 

A third group of instruments comprises three 
black-body radiation furnaces for the calibration 


On the left is the air preheater, on the right are the test furnace stacks 
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Fig. 6—Air preheater at Ijmuiden, fired by blast-furnace gas (max. 1600 
cubic metres per hour), preheat temperature up to 750 deg. Cent. 


of radiation pyrometers, thermocouples and 
heat flow meters, and equipment for measuring 
velocity, temperature, gas composition and soot 
concentration inside the flame. 

A small water-cooled furnace which is a 
geometrical scale model of the oil and gas-fired 
furnace, has been transferred to the station from 
the Royal Dutch Shell laboratories at Delft for 
research into scale effects. This furnace can be 
used in conjunction with all the controls and 
recording equipment which are available for the 
full-size furnaces. A one-fifth scale “* Flexiglass” 
model of each furnace is available for studying 
mixing patterns under various conditions of flow. 





Hand-Operated Pump 


A NEW hand-operated pump designed to handle 
all fluids from petrol to bitumen at pressures up 
to 300 Ib per square inch is now being made by 
Plenty and Son, Ltd., Eagle Iron Works, New- 
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bury, Berks. This pump, 
which is self-priming, 
reversible and develops 
27in Hg. suction, can be 
seen in the illustration 
below. 

The pump operates 
on the same principle as 
the well-known standard 
pump made by the firm. 
Its base incorporates 
mounting lugs and the 
suction and _ delivery 
ports on each side of the 
main body are screwed 
lin B.S.P. internally. 
A cylindrical rotor in 
the bore of the body has 
four rectangular ports 
set at 90 deg. through its 
walls and it is designed 
to act solely as a dis- 
tributor. This rotor is 
turned through blades 
which slide freely in slots 
in the main shaft and 
register in slots with in- 
clined top faces machined 
between the rotor ports. 
The blades thus seal off 
and form four chambers 
in the rotor. As the shaft 
is rotated the blades 
slide radially in their slots 
and traverse the in- 
clined faces in the rotor 
bore. The centre line of 
the shaft is off-set from 
that of the rotor and it 
is this eccentricity which 
imparts the pumping 
action as the shaft is 
turned. Two handles of 
different lengths are 
provided with the pump 
—a short handle for 
pressures up to 50 lb per 
square inch and a longer 
handle for the higher 
pressures. 

An adjustable relief 
valve is built into the 
pump and a calibrated pressure gauge can be 
fitted as shown in the illustration. 





25-Ton Mobile Cranes 


THE range of mobile cranes made by Steels 
Engineering Products, Ltd., Crown Works, 
Sunderland, has been extended by the introduc- 
tion of a new machine with a designed lifting 














p for pressures up to 
300 Ib per square inch and 27in suction 
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capacity of 25 tons at 10ft radius. This crane is 
made in three models—self propelled, lorry 
mounted and rail mounted—all constructed 
on the Coles system of diesel-electric or petrol- 
electric transmission with separate electric motors 
for all the crane motions. A chassis-mounted 
diesel engine powers the lorry-mounted crane 
for travelling and the rail-mounted and self- 
propelled models are fitted with travelling motors 
supplied with power from the crane generating 
set. 

The lorry-mounted crane is illustrated below 
and much of its equipment is similar to that of 
the two other cranes. A 30ft strut jib of tubular 
lattice construction is fitted to all models, and 
it can be extended by the introduction of addi- 
tional sections to a maximum of 80ft. A 20ft fly 
jib can also be fitted if required. 

The crane illustrated is mounted on one of 
the firm’s carrier chassis powered by an A.E.C. 
diesel engine giving a maximum road speed of 
27:3 m.p.h. Power for the crane is supplied 
by a Perkins 65 h.p. diesel engine driving a 
generator which supplies the current for the hoist, 
derrick and slew motors. A removable tail 
weight is fitted and when this is removed the 
weight of the vehicle can be reduced by 4 tons 
to a total of 26 tons. 

The self-propelled crane can be fitted with 
either a Ford petrol engine or a Perkins diesel 
engine to drive the variable-voltage generator, 
which supplies power for the hoist, derrick, slew 
and travel motors. An automatic reversing mech- 
anism incorporated in the steering gear gives 
“‘ correct ’’ steering irrespective of the position 
of the operator’s cab in relation to the chassis 
and wheels of the crane. The rail-mounted 
crane is generally similar to the self-propelled 
crane, except that it is mounted on two four- 
wheeled rail bogies, instead of six road wheels. 

The drivers’ cabs on each of these cranes give 
a clear view of all operations and simple grouped 
finger-tip controls permit crane operation without 
fatigue. Automatic self-resetting limit switches 
prevent over-hoisting or over-derricking, and 
in the event of power failure electro-mechanical 
brakes are automatically applied to all motions. 





Fim ON HEAT INSULATION.—A new film entitled 
‘“* Heat in Harness” has been made for William 
Kenyon and Sons, Ltd., Dukinfield, with a view to 
presenting the general importance of insulation in 
industry and building. This film, which was recently 
presented for the first time in London, opens with a 
general review of the raw materials used in insulation 
and their methods of preparation for particular 
applications. It then shows examples of the plant 
and structures to which heat insulating materials 
in different forms are applied and the methods of 
application. 





Lorry-mounted mobile crane with capacity of 25 tons at 10ft radius.. The jib can be extended 
to a maximum of 80ft by introducing intermediate jib sections 
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Reconstruction of Potters?Bar Station 


The work of reconstructing Potters Bar station, which was recently completed, 
forms part of the major widening scheme on the East Coast main line of the 
Eastern Region. The four tracks which formerly commenced north of the station 
have been extended southwards through the new station to within 365 yards of 


Potters Bar tunnel. 


The original mechanical signalbox has been replaced by a 


modern power box and colour-light signalling has been installed. 


Work has been completed on the reconstruc- 
tion of Potters Bar station on the East Coast 
main line of the Eastern Region of British 
Railways. It marks an important stage in the 
scheme of widening to provide four tracks 
extending southwards towards London as far as 
Greenwood Box, near New Barnet, from the 
four tracks formerly commencing north of the 
station. The next stage, which has now begun, 
is the driving of new tunnels to take the two 
additional tracks by the existing two-track 
tunnels to the south of Potters Bar. The work 
at Potters Bar has cost about half a million 
pounds, and it is expected that it will take some 
three years to construct the tunnel extensions 
and complete the widening of this important 
rail approach to London. 

Under the reconstruction scheme all of the 
buildings of the original Potters Bar station were 
demolished and replaced by a completely new 
lay-out. A new main building with a spacious 
entrance hall and ticket, parcel and other offices 
is now connected by subway to two island plat- 
forms serving the four tracks. The. station 


New signal box and island platform of Potters Bar station from the 


“e up ” side 


approaches have been rearranged and extended 
and facilities provided for a car park, lock-up 
garages, cycle store, and taxi rank. Freight 
facilities have been concentrated on the up side 
of the station and include new goods offices, a 
covered bench for the loading and unloading of 
goods traffic, new roadways, and a new track 
layout to facilitate shunting movements. A 
major part of the scheme was the removal of the 
road bottleneck caused by the original bridge 
over Darkes Lane adjoining the station, which 
gave road traffic a passageway only 15ft wide and 
a headroom of ilft. This bridge has been 
replaced by two ‘single spans and one double 
span carrying the four tracks and providing a 
60ft wide passageway. The road beneath has been 
lowered to give a headroom of 16ft 6in. At the 
north end of the station a new signalbox with 
power operation replaces the old manual signal- 


x. 

On the widened length of track to the south 
of the station cantilever prestressed concrete 
piles are used for retaining wall construction. 
These 18ft long piles were driven 10ft below new 
formation and used for interlocking. The new 
bridges are constructed of fabricated welded 
plates with stiffeners on the inside faces only, 


leaving an unbroken face externally. Their decks 
are carried on cross bearers seated on special 
brackets fixed to the bottom of the girder webs, 
concrete filled on mat reinforcement, water- 
proofed and tiled. The girders are mounted on 


’ grillages fixed to the tops of the abutments, the free 


end being mounted on phosphor-bronze blocks 
fixed to the grillages and girder ends. The whole 
bridge structure is carried on abutments 10ft 
thick of concrete faced with blue engineering 
bricks. 

Each platform roof is 130ft long and consists 
of prestressed cantilever slabs carried by two 
longitudinal beams. Each of these main longi- 
tudinal beams is supported on two columns, and 
is continuous over them, forming a cantilever at 
eachend. Prestressing cables have been provided 
in the top of the beam to take the “ hogging ”’ 
moments over the columns, and the roof has 
been given a concave shape in its upper surface. 
The cantilever slabs are 4in thick and are pre- 
stressed by transverse cables. The extensive 
use of concrete and tiled walls throughout the 
station buildings is intended to provide a clean 


modern appearance and require a minimum of 
maintenance. 

The new signalbox at the north end of the 
station can be clearly seen in the first illustration 
above. It is of load-bearing brick construc- 
tion with a precast concrete roof slab, and the 
signal room itself is independently supported on 
a reinforced concrete platform carried by four 
columns above the main structure. The signal 
room is a light structure with large glazed areas 
in the walls on three sides to give an 
unobstructed view of the line in both directions 
and of the station. The relay room, emergency 
power supply generating room and accommoda- 
tion for the signal linesmen are in the main 
building below the signal room. 

The whole of the signalling installation was 
carried out by Metropolitan-Vickers G.R.S., 
Ltd., under the direction of the signal engineer 
of the Eastern Region. The new installation 
covers fourteen sets of double-ended and one 
set of single-ended points, a separate motor 
being provided for each point end. 
motors are operated from a 110V d.c. central 
battery in the signalbox building. 

At the various facing crossovers normal four- 
aspect, multi-lens, colour-light signals with 
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junction indicators are installed. Position ‘ight 
ground shunt signals -have red-beside-white 
lights to indicate the stop aspect and two white 
lights inclining upwards to the left to indicate 
the off aspect. Double filament lamps fitted at 
the running signals have a 24W main filameni and 
a secondary under-run filament to give it a longer 
life and bring the total to 33W. On the ground 
shunt signals 110V, 25W single-filament lzmps 
are fitted and those of the junction indic:.tors 
are 12V, 12W. 


The signalling installation is controlled by a 
route-setting relay interlocking panel specially 
designed to meet the requirements of the Eastern 
Region signal engineer and chief oper:ting 
superintendent, and is the first of its kind to be 
installed. It was desired:to produce a central 
operating position from which a seated signa!man 
could operate the route switches without 
reaching or stretching out and at the same 
time, always have a complete view of the 
control area and the approaches thereto as 
depicted on an illuminated diagram. It was 
also desired to retain the advantage of the 
geographical system of selecting a route and so 
obviate the necessity of a signalman having to 
learn and memorise the number and position 
of the switch associated with any given route, 
as would be the case if a non-geographical method 
were used. The console to be seen in 
the illustration below has therefore been 
provided, and it incorporates a central operating 
panel with two wings, one carrying the signal 
post telephone and other communication facilities 
and the other forming a signalman’s desk. The 
central operating position consists of a green 


Interior of new signal box with operating console and illuminated 
track diagram 


panel upon which a small replica of the layout 
in white has been processed. On this panel are 
mounted the route switches in a geographical 
representation of the signal positions. The 
method of control embodies the. “* NX ”’ prin- 
ciple, but in order to keep the panel as compact 
as possible the exit buttons have been incor- 
porated in the centre of the turn-switch of the 
next signal ahead. The only lamp indications 
on the operating panel are small white lights 
consisting of one light at the end of each 
individual route which is illuminated when the 
signalman has completed setting up a route and 
the route relay has operated. 

On a small vertical panel in front of the 
operating panel are located the individual 
switches for the various points. These are three- 
position switches normally left in the central 
position, but are capable of working individual 
points to either normal or reverse position in an 
emergency. The centre of each individual switch 
contains a red “ out of correspondence ” indica- 
tion light having duplicate lamps. These lights 
are normally out, but whilst the points are 
actually moving, or if they should lie in a position 
different from that required to set the route, 
a flashing red light is displayed. On completion 
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of the correct movement the flashing red light 
is extinguished and a small white light is displayed 
below each individual point switch as an indica- 
tion that the particular points are locked. Until 
all the appropriate points in a route display 
their “ lock ’’ lights the signal for that route will 
not clear. The lock light shows until the route 
switch has been restored and until all track 
circuits controlling these points are “ clear.” 
It will thus be seen that, in addition to keeping 
the operations of the signalman within very 
compact limits, every visual aid has been given 
him as a check on his movements. Other 
switches on the vertical panel of the console 
are for operating emergency detonator placers, 
dimming of panel lights, dimming of signal 
lights and a cut-off for the “‘ power-off ” warning 
bell. 

Block working has been retained on the down 
slow line to Marshmore and also on the up and 
down fast and up slow lines when Marshmore 
box is switched out. The necessary facilities 
for this block working have been incorporated 
in the design of the vertical panel and consist 
of the usual three-position rotary commutators 
with luminous indicators appropriately coloured 
to show the “line clear ’’ and “ train on line ”’ 
positions, duplicate lamps being used for each 
indication. 

Bell keys are also mounted on the panel, and 
lights inform the signalman to which line 
incoming bell signals relate. The usual Welwyn 
control has been incorporated as necessary and a 
time element, controlled by the continuous 
depression of a push button adjacent to 
the block commutator to which it refers, 
has been provided for cancelling. A small 
white light indicates when the time has elapsed 
and the release has become operative. 

Telephones have been provided at signals 
for the use of enginemen and an indication is 
given to the signalman as to the signal from which 
the call has emanated on the panel forming the 
left hand wing of the console. 

A large illuminated diagram of the layout 
behind the console carries all the track circuit, 
signal and point indications and can easily 
be read by the signalman from his central 
position. A total of fifty-two routes is controlled 
from the panel and the installation comprises 
forty a.c. track circuits, sixteen three-four aspect 
colour-light signals, fifteen position light shunt 
signals, six junction indicator signals, one search- 
light signal, one two-aspect signal, four emergency 
detonator placers and _ twenty-nine point 
machines. Owing to the wet nature of Potters 
Bar tunnel the previously existing coded track 
circuits have been retained. : 

All relays, both in the relay room and at 
outside locations, are of ‘“* plug-in ’’ construction. 
In the relay room two long racks carry the relays, 





Test bay for machine tool hydraulic units 
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point contactors, fuses and busbars, and these, 
together with the illuminated diagram and 
console were wired prior to delivery on site. 
Fire protection for the signalbox and relay room 
is provided by a CO, installation. 

The power supply for the installation is taken 
from the public supply at 415V, three-phase. 
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This is transformed to 650V, single-phase at 
which it is distributed to the location cases 
throughout the installation. In the event of 
failure of the main supply a 30kVA diesel 
generator automatically takes over the load and 
the failure of the mains supply is indicated on 
the panel of the console. 


Hydraulic Test Bay for Machine 
Tool Units 


fe provide facilities for comprehensive and 
long period checking of all the hydraulic sub- 
assemblies fitted in the machine tool, the 
firm manufactures, the Newall Engineering 
Company, Ltd., Peterborough, has equipped a 
special hydraulic test bay. In this bay, which 
can be seen in the accompanying illustration, 
there has been installed a series, of units which 
can either be used independently for the testing 
of individual sub-assemblies, or coupled for 
collective checking of all hydraulically-operated 
assemblies under conditions comparable to their 
normal function as part of a machine tool. 

A series of frames in the bay carry fixtures 








Complete control panel of crankpin grinder undergoing hydraulic test 





to take a variety of sub-assemblies, the fixtures 
being arranged so that the necessary supply 
lines may be rapidly connected. Weights are 
incorporated in the system for application to 
each sub-assembly under test to create a load in 
excess of the heaviest which would appertain 
under working conditions. 

The hydraulic system is operated through an 
electrical control panel with push buttons for 
each unit, and main stop switches are located at 
strategic points throughout the bay in order 
that the supervisor may stop operation of any 
sub-assembly giving evidence of fault. Two 
pumps for the main hydraulic supply are 





employed so that if only part of the system is in 
use one pump may remain inoperative. This 
obviates undue rise of oil temperature in the 
system and unnecessary continuous circulation 
of the hydraulic fluid. Although a number of 
Newall grinding machines are now being fitted 
with a device developed by the company to control 
oil temperature, this has not been applied to the 
hydraulic test system to ensure that assemblies 
operate under conditions identical to those 
generally applying in the workshops. 

Oil for the hydraulic system is pumped through 
a large gravity filter and returns through the 
filter for clarification in order that all exhaust 
and drainage oil is thoroughly cleansed before 
recirculation. Temperature of oil in the clarifier 
is recorded on a large dial thermometer mounted 
by the tank. This thermometer panel also 
includes a dial indicator registering hydraulic 
pressure. Additional filtration is provided by 
small filters in the pressure supply line immedi- 
ately before each test unit. 

The system is designed for continuous operation 
of the individual assemblies which can continue 
running without supervision during the hours the 
factory is closed. For this purpose the system is 
fitted with cut-out devices brought into operation 
in case of either excessive pressure developing 
through blockage or low pressure occurring by 
reason of leakage or any other fault. To impart 
automatic operation small control cylinders are 
attached to levers which are normally manually 
operated. 
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Hydro-Electric Projects in Pakistan 


BY OUR INDIAN CORRESPONDENT 


A‘ the time of partition, Pakistan had an 
installed power capacity of 71-SMW, which 
has now risen to 175MW, not including private 
industrial power plants. In 1954 the ninety-six 
power stations had sales of 337 million kWh. 
India, with a population four times that of 
Pakistan, has an installed power capacity of 
2500MW, and its total power production last 
year was 7200 million kWh. In India, a central 
body, the Central Water and Power Commission, 
working in close collaboration with the Ministry 
of Irrigation and Power and the “‘ power wing ”’ 
of the Planning Commission, looks after the 
country’s power projects and keeps an eye on 
the power situation both at the centre and in 
the states. Pakistan does not yet have such a 
co-ordination body but a commission on the 
Indian lines, to be called the general electricity 
commission, is to be set up very soon to advise 
the Government on power developments. The 
commission, it is expected, will be followed by a 
power development corporation, an autonomous 
body which will be in charge of both the produc- 
tion and commercial sides of electrical industry. 
Reports on power development have been 
prepared by many foreign firms and official 
bodies, including the Central Electricity Autho- 
rity from Britain, which sent a two-man com- 
mission, but an overall plan has not yet been 
announced. 


POWER IN THE PUNJAB 


Before partition the Uhl River scheme was the 
main source of electricity for the undivided 
Punjab. Orders had already been placed with 
the Associated Electrical Industries for the 
supply and erection of all plant for the hydro- 
electric station at Rasul, substations and trans- 
mission line material. In addition, as Rasul was 
primarily intended for tube-wel! irrigation, 
although owing to shortage of power it is now 
supplying general industrial and domestic needs, 
the Government had also negotiated a contract 
with this company for the supply of 360 outdoor 
transformers for stepping down power to drive 
groups of tube-wells, as well as electric motors 
and starters and other equipment necessary for 
the installation of tube-wells. The power 
station went into operation in 1952 with a 
maximum steady supply for six months of the 
year of 22MW, but during the winter when the 
discharge is at its minimum, the station can only 
provide about 11MW. ; 

The main industry of Punjab is agriculture 
and tube-wells are the principal consumers of 
power. Further hydro-electric schemes designed 
specifically for the provision of sufficient cheap 
electricity for tube-well irrigation are under 
consideration, and the civil works are in hand 
for Shadiwal and Chichoki-Millian, each with a 
proposed installed capacity of 12MW. Plant 
for Shadiwal will be provided by Canada under 
the Colombo Plan at a cost of 3-5 million dollars, 
while Jugoslavia will be supplying the necessary 
generating plant for the Chichoki-Millian under 
a barter agreement. In the south, orders have 
been placed for plant for diesel stations of 1OMW 
each at Lyallpur, with two additional second-hand 
steam turbine sets, while in Montgomery two 
3MW Japanese sets are being installed. A 
thermal generating set is also being considered 
at Sarghoda and Sialkot, and plans are afoot for 
a 120MW steam power station at Kot Adu on 
the bank of the Indus. Water for this station 
will be available from the Taunsa barrage, for 
which Pakistan has received aid under F.O.A. 
The station, scheduled for completion in 1958, 
will burn natural gas from the Sui pipeline and 
will supply power to a pilot steel project which 
Krupps is putting up nearby. 

There are three potential schemes for hydro- 
power generation, one of which, the Mangla 
scheme on the Jhelum, may be completed within 
the next two or three years. One of the main 
objects of the project which, with a storage 
reservoir of 75,000 acre-feet capacity on the 
Upper Jhelum, would have a capacity of 45MW, 
would be to supply cheap power to a group of 


tube-wells, over 3000 of which are projected for 
1955-56. Another potential site lies at Khanki, 
on the Chenab River, which could provide power 
to the tune of 8MW and irrigation for 5000 
acres in the head reach of the Lower Chenab 
canal. The headworks for this project was built 
in 1892. A hydro-electric site at Mianwalli, with 
a proposed capacity of 1OOMW, was approved 
by the Central Engineering Authority in 1953, 
but there appears to be little chance of its being 
implemented in the near future. 


NortTH WEST FRONTIER PROVINCE 


The Frontier Province has always been one 
of the most progressive in the matter of industrial 
development. Before partition, it had a trans- 
mission line circuit of 341 miles, of which 233 
were 11kV single circuit. In 1954, the mileage 
had gone up to 855 miles, including 73 miles of 
132kV and 162 miles of 66kV double circuits. 
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salient feature of this project was the extensive 
network of transmission lines feeding villages 
and townships in predominantly rural areas. 
The project has been further expanded by the 
addition of another power station at Dargai 
which utilises the tail waters from the Jabhan 
power station. The Dargai station complcied 
in 1953 has four 5MW turbo-alternator sets, 
Although Dargai was intended to supplement 
power in the Punjab by linking up with the 
Punjab grid at Wah, it has not been possible to 
fully implement this, and in view of the rapidly 
growing industrial load it is expected that most 
of the supply from the power station will be 
absorbed in the Frontier Province itself. 

The Kabul River is being dammed at Warsak, 
19 miles north-west of Peshawar, to irrigate 
120,000 acres in Peshawar and adjoining tribal 
areas, and to produce 1I5SOMW of power. The 
project includes the construction of an under- 
ground power station, two overflow spillways, 
and diversion tunnels with a discharge capacity 
of 65,000 cusecs. The total cost of the project 
will be Rs.22-10 crores (about £18,000,000), of 
which over two-thirds will be borne by the 
Pakistan Government. Canada has contributed 
about 7,000,000 dollars which will meet the cost 


Malakand power station on the Swat River 


The number of villages electrified has gone up 
to 226 from the previous seventy-four. 

The principal rivers of the Province are the 
Indus, which, after leaving the Gilgit Agency 
on its south-westerly course, passing between 
Buner state and Hazara, runs on the eastern 
boundary of the Province; the Swat River, 
which along with the Panjkoro and the Chitral 
Rivers, has its source at heights ranging from 
15,000ft to 20,000ft ; the Kabul River in the 
south, and the Kurram and the Gomal Rivers, 
which debouch into the Indus opposite Mian- 
walli. The first river to te exploited was the 
Swat which was diverted through the 24-mile- 
long Benton canal in 1914 for irrigation under 
the Malakand project. In 1934, three 2MW 
sets were installed at Malakand which were soon 
increased to 3MW, and the transmission voltage 
stepped up from 33kV to 66kV. The first stage 
of the civil engineering works consisted of a 
power tunnel 12ft in diameter to lead the waters 
to a point above the Upper Swat canal, where 
advantage was taken of a natural fall of some 
250ft. In 1938, when this work was completed, 
the Malakand project had an installed capacity 
of 10-4MW (2 by 2 at Malakand and 2 by 3-2 
at Jabhan), the other two sets being stand by. 
In 1948, two SMW sets were added, making an 
aggregate installed capacity of 20-4MW, the 
extra power being transmitted by 66kV network 
to Wah in the Punjab, and extended to Kohat 
from Peshawar. Malakand power station is 
shown in the accompanying illustration. A 


of the necessary generating and electrical equip- 
ment, the provision of Canadian consulting 
engineers (H. G. Acres) for redesigning the 
project and supervision of construction of the 
dam and the supply of a reasonable amount of 
Canadian manufactured light construction equip- 
ment to assist the Pakistan authorities in con- 
struction work. The project will take about five 
years to complete. 

A reservoir will connect the Kurram and 
Gomal Rivers, enabling both to be utilised, 
mainly for irrigation by tube-wells, but a surplus 
of about 4MW is expected which will probably 
be used to meet the needs of Bannu and Dera 
Ismael Khan districts. 


East PAKISTAN 


The main source of power in the south of 
East Pakistan will be the multi-purpose project 
on the Karnafuli River, which rises in the 
Chittagong hill tracts and on whose bank lies 
the fast developing port of Chittagong. The 
Government is being advised on the project by 
the International Engineering Company, whose 
services have been lent by F.O.A. Preliminary 
work on the project has already been completed 
and an ultimate generating capacity of 160MW 
is contemplated. Another power station, the 
first phase of which is now approaching com- 
pletion, is the Ganges-Kobadek scheme, with 
an installed capacity of 10MW, for which 
assistance is being provided by Canada under 
the Colombo Plan. 
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Continental Engineering News 


Hydraulic Power Shovel 


The accompanying illustration shows 
the model ‘ B504 ’’ hydraulic power shovel which 
has recently been put on the market by Demag 
Baggerfabrik G.m.b.H., Diisseldorf-Bennrath, 
German Federal Republic. All movements are 
transmitted by hydraulic power. The consequent 
absence of winding drums, clutches and brakes, 
has, it is stated, permitted a reduction in weight 
to 10 tons, compared with about 15 tons of a 
purely mechanical shovel of the same capacity, 
and has led to a substantial saving on spare 

arts. 
. The ‘‘ B504”’ power shovel is supplied either 
with caterpillar tracks, or with a four-wheeled 
undercarriage. Driven by an air-cooled Deutz 
three-cylinder, 1500 r.p.m., four-stroke engine 
of 42 h.p., it has a maximum travelling speed of 
4km per hour, and a turning speed of up to 8 
rp.m. All speeds are infinitely variable. 
Maximum digging speed at the shovel is 42m 
per minute, with a force of up to 6600kg. 

The undercarriage is of welded design and is 
assembled from a number of prefabricated 





Power shovel of 0-4 cubic metre capacity. All move- 
ments, including travel, of this and the four-wheel 
version are fully hydraulic 


subsections. Rollers carried on swinging brackets 
provided with rubber springs support the carriage 
on the short-pitch caterpillar tracks. Tensioning 
springs, situated between the sprocket wheels, 
are fully encased to give protection against dirt. 
Each track is independently driven by a hydraulic 
motor through a two-stage helical reduction gear. 
The oil motor, reduction gear, and driving wheel 
form an enclosed unit which is flange-mounted 
on the undercarriage. 

Basically similar in construction, the four- 
wheeled version possesses an independent drive 
for each wheel, consisting of a hydraulic motor 
and a single-stage helical reduction gear. By 
pulling the half-shafts outwards the wheels 
can be disengaged, when the machine is 
to be hauled by a lorry or tractor. An air- 
hydraulic, four-wheel brake is provided for con- 
nection to the lorry, and there is a mechanical 
parking brake, which acts on the two back wheels. 
Steering is hydraulic and during haulage can be 
disconnected. 

The upper part consists of a welded platform 
and cabin. power unit and tanks for 
hydraulic and fuel oil are at sucha distance from 
the centre pivot that no additional counterbalance 
weight is required. The slewing circle runs on 
ball bearings and is driven by a separate hydraulic 
motor. By mounting the two supports of the 
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swan-neck boom, and the bottom fulcrum of 
the derricking cylinder directly over the slewing 
ring, the transmission of bending moments to 
the platform has been obviated. Disposed at 
maximum distance at the forward end of the 
platform, the driving cabin has all-round vision 
and is free of oil fumes. In cold weather it can 
be heated by means of the motor cooling air. 

Hydraulic pressure oil is supplied from two 
pumps which are mounted at each end of the 
diesel engine and are directly driven by the crank- 
shaft through flexible couplings. The pumps 
draw the oil from a tank situated immediately 
underneath and deliver it to a valve block in 
which all control valves are combined, and from 
which the individual operating cylinders are 
supplied. An automatic governor maintains 
the diesel engine at its full rated output, but 
prevents overloading. Maximum pressure in 
the oil lines is limited by relief valves, and oil 
filters are inserted in the return pipes. 

The pressure oil systems comprise two entirely 
independent circuits, each fed by one of the two 
oil pumps. In this manner it is possible to carry 
out several movements at the same time without 
one influencing another. 

swan-neck boom and bucket arm are of 
welded box section. The machine can be set up 
either as a face shovel or as a trencher or back- 
actor, as shown in the illustration. Both boom 
and arm are operated by cylinders of identical 
design which are interchangeable. Opening and 
closing of the face shovel and tilting of the 
trencher bucket are also obtained by means of a 
hydraulic cylinder. In place of the face shovel 
bucket, a hydraulic grab can be mounted which 
achieves a high efficiency owing to the fact that 
it is forced in under hydraulic power and not 
only by its own weight. A special boom has 
been developed for use with the standard two- 
rope grab, for skimming, and for use as a crane. 
This has two rope drums, each of which is driven 
by an oil motor. 

Three control levers are provided which operate 
four-way control boxes, from where the move- 
ments are transmitted mechanically to the 
hydraulic valve block. One of the hand levers 
controls forward and backward movement, and 
steering to right or left, the second operates the 
bucket up or down, and controls the rotation of 
the platform, while the third raises and lowers 
the boom and controls the filling and emptying 
of the bucket. 

Special-Purpose Automatic Lathe 

We have received details of the 
“ Frontomat’”’ lathe, made by Bekoma Boeh- 
ringer K.G. Werkzeugmaschinen, Gdppingen, 
German Federal Republic. This machine is 
particularly rigidly constructed, and by virtue of 
its layout enables savings in floor space to 
be made as compared with universal lathes, 
it is claimed by the 
makers. The accom- 


panying illustration 
shows two machines 
side by side. The 


small amount of floor 
space facilitates the 
grouping together of a 
number of these ma- 
chines, whichcan then be 
attended by one man. 
The workpiece is clamp- 
ed in a power-operated 
chuck or fixture, the 
power being applied by 
means of the pedal lever 
shown, so _ that the 
operator has both hands 
free to handle the work- 
piece. All other opera- 
tions are carried through 
automatically, either by 
copying or by means of 
multiple cutting tools. 
The main spindle runs 
in adjustable roller bear- 
ings and is driven by a 
10 h.p. motor through 
aninfinitely variable gear 
at 215-920 r.p.m. direct- 
ly, or at 60-270 r.p.m. 
through additional back 
gear. A _ vertical bed 
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to the left of the spindle (as seen from in front) 
supports the hydraulically operated saddle, on 
which is mounted the main tool slide at 15 deg. to 
the horizontal. A second tool slide for surfacing 
and cutting-off operations is mounted to the 
right of the headstock spindle. Feeds on all 
slides are hydraulic and separately adjustable 
between 5mm and 250mm per minute, with a 
rapid traverse which in each case is 5m per 
minute. All controls are arranged on the front 
of the lathe, while the corresponding switchgear 
is in a cabinet at the back. The lathe is suitable 
for work of up to 200mm diameter and 200mm 
machined length. It is handled in this country 
by Sykes Machine Tools, Ltd., The Hythe, 
Staines, Middlesex. 


Transport of Dangerous Goods 

The working party on the transport of 
dangerous goods of the Economic Commission 
for Europe (ECE) met at the Palais des Nations 
at Geneva from October 31st to November 4th. 
Among other questions examined was the draft 
European agreement concerning the inter- 
national transport of dangerous goods by road. 
The discussions centred mainly on the adminis- 
trative and technical regulations to be imposed on 
vehicles in order to ensure the safety of the crew, 
of other road users and of residents of built-up 
areas along the road. In addition, the question 
was considered of regulations for the movement 
of vehicles, including trailers, intended for the 
transport of dangerous goods. Ways and 
means were considered of bringing the road 
transport regulations into line with those already 
in existence for rail transport, such as the Berne 
Convention and the SMGS agreement among 
Eastern European countries. In order to be 
able to take fully into consideration practical 
requirements, the working party decided to ask 
governments for information about accidents in 
which road vehicles carrying dangerous goods 
had been involved. 

As regards transport by waterway, the ECE 
secretariat, with assistance of experts from 
Poland, the Netherlands, the German Federal 
Republic, and the Central Rhine Navigation 
Committee is at present preparing preliminary 
draft regulations. All this is being done in close 
connection with the work which is being carried 
out on a world level by the United Nations 
Transport and Communications Commission, 
and by the experts appointed by the United 
Nations Secretary-General, who, in October, 
1954, prepared recommendations regarding the 
classification and labelling of dangerous goods. 
This group is to hold a further session to draft 
the final text, which will also cover the question 
of packaging. 

The working party also went into the question 
of the handling of dangerous goods at trans- 
loading points, including seaports. 





Battery of two automatic lathes, illustrating the small amount of floor 


space required by this design 
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Industrial and Labour Notes 


The Nuffield Foundation 


This week, the Nuffield Foundation has pub- 
lished its tenth report. It deals with the year 
1954-55, and says that grants totalling £681,397 
were allocated. The report gives details of the 
projects in many spheres which have been 
assisted and encouraged by the Foundation, and 
makes particular reference to contributions, now 
totalling over £1,000,000, to travelling and 
research grants and other projects in the 
Commonwealth overseas. Among the overseas 
projects assisted in the past year, the report 
mentions the creation of a new unit at the Uni- 
versity College of East Africa for research into 
education in Africa ; the building of new halls 
of residence for students at the Imperial College 
of Tropical Agriculture, Trinidad ; research on 
tropical swamps ; marine -biological studies in 
South Africa, and biological research in New 
Zealand. 

In those sections of the report surveying the 
grants made to various projects in the United 
Kingdom, there is an interesting reference to 
investigations being made into the employment 
of elderly workers. The inquiry which the 
Foundation is now undertaking arises from the 
fact that a proportion of older workers reach 
a stage when they are in need of alternative jobs 
because they can no longer do their usual work 
in the usual way. A survey, which is to be carried 
out in a limited area of mixed industries and 
commercial and administrative establishments, 
will deal with the openings for elderly workers, 
firm by firm and person by person. -The report 
says that when the nature of the problem is 
clear, an attempt will be made to measure its 
extent by the use of any national figures that are 
available. Apart from this survey in a selected 
area, information is being collected, with the 
help of the personnel departments of some large 
industrial enterprises, about the alternative forms 
of work open to their older employees. 


T.U.C. Statement on the Economic Situation 


Last week, the general council of the Trades 
Union Congress issued a statement on the 
economic situation. It starts off by saying that 
the foremost aim of the trade union movement 
is to maintain full employment, and that 
“to-day’s economic problems arise from and 
centre on the preservation of full employment.” 
The statement goes on to say that it is the duty 
of the Government to do all that it can to ensure 
that a balance is preserved between competing 
demands on our resources, but it acknowledges 
that “the Government cannot do everything.” 
Trade unions and employers, the T.U.C. com- 
ments, together with ali other sections of the 
community, have their own part to play in solving 
these problems. 

The statement then proceeds to some observa- 
tions on world economic conditions, and to 
comment on the Government’s economic policy. 
Under this latter heading, the statement says 
that in view of the urgent need to increase 
efficiency and productivity, any restrictions on 
capital expenditure are to be regretted. The 
T.U.C. agrees, however, that some temporary 
limitation had to be accepted and that there was 
a case for reviewing the whole of the capital 
investment programme and curtailing the less 
essential projects. But it claims that the Govern- 
ment has not done that. “ The cuts imposed,’ 
the statement reads, “ deliberately discriminate 
against social expenditure and investment in 
the nationalised industries.” The nationalised 
industries, it is subsequently observed, are basic 
to the prosperity of our whole economy, and 
need a high level of investment for replacement 
alone. The T.U.C. considers that “it would 
have been more equitable, and indeed more 
effective, to have cut out or postponed the less 
essential types of expenditure in both the public 
and the private sectors.” 

The final section of the statement deals with 
the responsibility of trade unionists. It says 
that the trade union movement has established 
a right to make representations and to offer 


advice to the Government on any matter which 
affects the interests of workpeople. But it is 
also observed that trade union responsibilities 
do not begin and cannot end with criticism of 
the Government’s policy. It has become fashion- 
able in some quarters, the statement continues, 
to discount the dangers of rising costs and prices. 
There is some truth in the argument that higher 
labour costs compel employers to improve their 
technical efficiency and thus induce higher pro- 
ductivity. But, the T.U.C. comments, it must 
not be forgotten that this takes time, and that 
the effect on prices of higher wages, or profits, 
when not accompanied by higher productivity, 
is immediate. Costs and prices cannot go on 
rising indefinitely without seriously affecting 
our ability to export, on which our standard of 
living and level of employment ultimately depend. 


Iron Castings 


The Council of Ironfoundry Associations has 
announced that, in the third quarter of this year, 
the production of iron castings was 3-5 per cent 
higher than in the comparable quarter of 1954. 
The total output of castings for the third quarter 
of this year was 883,620 tons, which was made 
up as follows :—automobile, 126,140 tons ; 
ingot moulds, 86,640 tons; engineering and 
jobbing, 326,840 tons ; building and domestic, 
127,080 tons ; pressure pipes and tube fittings, 
153,380 tons ; railway equipment, 63,540 tons. 
The Council says that in the third quarter most 
ironfounding districts had a higher output than 
a year previously, and that for the first time on 
record the West Midlands area produced more 
than one-fifth of the United Kingdom’s tonnage 
of iron castings. 

About raw materials, the Council says that 
in the third quarter the ironfounding industry 
consumed 546,490 tons of pig iron and 699,720 
tons of scrap. The shortage of hematite pigiron, 
it is stated, has been considerably eased by higher 
production, and during the third quarter foundry 
stocks were replenished. The foundries are 
reported to be well stocked with high phosphorus 
iron, but the supply position of low phosphorus 
foundry iron continues to cause concern. This 
quality is mainly required, of course, by makers 
of castings for the automobile and engineering 
industries. 


Changes in Wage Rates 


The Ministry of Labour has announced that 
changes in wage rates which became effective 
in the United Kingdom during October resulted 
in an aggregate increase of £127,000 in the 
weekly full-time wages of about 353,000 work- 
people. There were also decreases, aggregating 
£4800, for 177,000 workpeople. These decreases 
affected principally workers in the iron and steel 
industry ; they operated under sliding scale 
arrangements based on the official index of retail 
prices. Figures published by the Ministry of 
Labour show that in the first ten months of this 
year changes in wage rates led to an increase 
of £4,702,900 in the weekly full-time wages of 
11,491,500 workpeople. In the comparable 
period of 1954 there was a net increase of about 
£3,033,000 in the weekly full-time wages of 
9,265,000 workpeople. The changes in wage 
rates notified during October did not affect the 
index of wage movements (June 30, 1947= 100). 
At the end of October, the figure for all workers 
was 153, at which point the index has stood since 
July. 


Industrial Salvage Recovery 


A meeting of the National Industrial Salvage 
and Recovery Council was held recently, and 
was addressed by Dr. Alexander King, chief 
scientific officer of the intelligence division of 
the Department of Scientific and Industrial 
Research. Dr. King said that the trend of indus- 
trial development in the United Kingdom 
emphasised, first, the need to export goods in 
which the content of British skill, labour and 
craftsmanship was high enough to compensate 
for a shortage of raw material resources, and, 


secondly, the need to appreciate the imporiance 
of productivity, in respect of labour and utilisa. 
tion of materials, machinery, fuel, management 
skill, capital and all other input factors of 
industry. 

Dr. King went on to say that productivity 
in the utilisation of materials was important to 
the industrial firm as well as to the nation. One 
example among many was the creation of the 
rubber re-claim industry, which now provided 
nearly 30,000 tons of reclaimed rubber a year from 
old motor tyres. The recovery of selenium {rom 
pyrites, and of germanium from flue dust made 
possible the production, at a reasonable price, 
of transistors and other valuable electrical com- 
ponents. The recovery of such metals from 
wastes, Dr. King said, was a rather complicated 
business, requiring chemical and metallurgical 
experience, but the Department of Scientific and 
Industrial Research, through its various stations 
and with the co-operation of research associa- 
tions, could help considerably. 

Dr. King suggested that there were probably 
still quite a number of instances where large 
amounts of waste material of considerable 
potential value were not beis:g used. Sometimes 
this was due to lack of liaison between the 
various industries; and sometimes through the 
lack of financial support for the necessary 
investigations. The D.S.I.R., he said, was quite 
ready to do all it could, particularly in those 
instances where problems were of national 
significance. The National Industrial Salvage 
and Recovery Council, Dr. King added, had 
played and would continue to play, an important 
part in that work. There were still too few firms 
taking the question of waste utilisation seriously. 


Coal 


A lecture on various aspects of the National 
Coal Board’s work was delivered last Monday, 
to the Royal Institute of Public Administration, 
by Dr. A. H. A. Wynn, scientific member of the 
Coal Board. He recalled that in 1936 the 
Minister of Defence had asked for an estimate 
of the coal that could be produced in the event 
of war, and had then been informed by the 
Mines Department that production could be 
increased to between 270 million and 280 million 
tons a year. In the event, production dropped 
every year from 231 million tons in 1939 to 174 
million tons in 1945, the lowest figure since 
1888. Concealed behind the fall of production 
from a peak of 287 million tons in 1913, Dr. 
Wynn continued, there was a fall in the coal 
industry’s ability to produce. He thought the 
Government’s advisers did not altogether under- 
stand that decline had a momentum and tended 
to continue regardless of any increase in demand. 


Dr. Wynn went on to say that because of the 
gradual exhaustion of reserves of mineral in each 
individual mine, the productive capacity of the 
coal industry declined by 2 or 3 per cent every 
year, if there was no large-scale reconstruction 
and no new collieries were opened. Substantial 
capital investment was essential to maintain 
capacity even if there was no expansion. During 
the thirty-four years, 1913 to 1947, capital 
investment had been too low to maintain capacity. 
Dr. Wynn then spoke about the Coal Board’s 
research and engineering establishments, and 
pointed out that the Board’s present expenditure 
on mining research and development was less 
than one-tenth of 1 per cent of turnover. That, 
he emphasised, was a very low figure compared 
with other major industries. The Board’s plans 
for expansion were limited primarily by the rate 
at which men of sufficient ability could be 
recruited. Much would depend, however, Dr. 
Wynn observed, upon research and development 
in the years to come. The industry was certain 
to find it increasingly difficult to recruit unskilled 
and semi-skilled labour, and the ability to 
increase or even maintain present production 
would be determined to no small extent by the 
rate of mechanisation that could be achieved. 
There was, indeed, a race between mechanisation 
and falling manpower in the mines. 
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The American Scene 


BY OUR AMERICAN EDITOR 


Sea Trials of U.S.S. ‘‘ Forrestal ”’ 


Tue aircraft carrier U.S.S. “‘ Forrestal ’’. left 
the yard of her builders, the Newport News 
Shipbuilding and Drydock Company at Newport 
News, Virginia, on August 29th to start her sea 
trials. These have been pronounced successful, 
except for full power runs, which had to be 
curtailed due to a burnt-out thrust bearing. 


flight deck, following earlier work by the Royal 
Navy. These tests were carried out aboard the 
carrier “ Antietam” and proved so successful 
that the principle was adopted for the 
“Forrestal.” Aircraft fly in at a 10-5 deg. angle 
from the starboard quarter of the ship’s cruiser 
stern. This angle on the flight deck is one of 
the reasons for the extreme width of the present 
vessel. The other advantage is that on the 





Aircraft carrier U.S.S. ‘‘ Forrestal ’’ on her sea trials 


Following the necessary repairs, further trials 
have now been held and the vessel was officially 
commissioned by the U.S. Navy on October Ist. 

The 59,900-ton ship is illustrated above ; she 
has an overall length of 1036ft and an extreme 
width of 252ft. She is believed to be the 
largest warship in the world, and her maximum 
displacement approaches that of the ‘‘ Queen 
Elizabeth.” The large carrier is the first of a 
series of ten such vessels sought by the U.S. Navy 
to accommodate the fast new jet fighter and 
light bomber aircraft, some of which will be 
capable of delivering atomic bombs to any part 
of the world. Three other vessels of the “ CVA” 
(carrier vessel attack) class have already been 
ordered and a fifth is being requested in the 
U.S. Navy’s new budget. Of the four ordered, 
the Newport News yard is building two, and the 
New York Naval Shipyard the remainder. The 
“Forrestal”? incorporates many points of 
advanced design. She has a canted deck area of 
nearly 4 acres which enables aircraft to land at a 
slightly oblique angle to the fore and aft centre line 
of the ship. Thus, a pilot who has made a bad 
approach can “ gun” his aircraft for another 
try without endangering aircraft and personnel 
on the forward flight deck. Because of the 
additional landing area, a fixed island structure 
was used, instead of the retractable unit originally 
called for. The canted deck arrangement is such 
that take-off and landing operations can be 
handled simultaneously. 

The keel for the “ Forrestal’? was laid on 
July 14, 1952. The ship has a number of struc- 
tural innovations which make her different from 
other large carriers. One of these is that her 
flight deck is the strength deck. On both the 
“ Midway ”’ and “* Essex ’’ classes of American 
carriers, the main or hangar deck is the strength 
deck. Normally, the flight deck is built with 
expansion joints so that it is not a part of the 
ship’s overall strength girder ; by contrast, the 
flight deck on the “ Forrestal ’’ is a continuous 
fore-and-aft strength deck. The deck is 1fin 
steel plate which will have no difficulty in with- 
standing the heat of jet blasts. 

While the “ Forrestal’? was being built the 
U.S. Navy was experimenting with the canted 


starboard side of the ship outboard of the island 
aircraft can be brought up from below without 
interfering with operations on the centre line 
of the’ deck. From the air the ‘ Forrestal ”’ 
does not appear to be a large ship because of 
the fact that her length of 1036ft is only slightly 
more than four times that of her extreme width 
of 252ft. Her island, which is the height of a 
ten-storey building, is almost lost on her 
enormous flight deck. Another unusual detail 
is the use of folding masts. The tallest of the 
masts extends up to a height of 187ft from the 
ship’s water line, and is about 60ft too high to 
clear the Brooklyn Bridge in New York ; 
accordingly, both her masts have been in- 
stalled to fold, mainly so as to facilitate travel 
to and from the Brooklyn Naval Shipyard. 
The “ Forrestal’ has 
four steam Catapults 
that will enable her to 
launch aircraft faster 
than any other American 
carrier afloat. Her 
heavy-duty hydraulic ar- 
resters will stop one of 
to-day’s 70,000 Ib jet 
aircraft within 150ft 
after it hits the deck at a 
speed of 100 m.p.h. The 
steam catapults employ- 
ed were commissioned 
at the U.S. Naval Air 
Material Centre in Phil- 
adelphia in December, 
1953, and are similar to 
those originally develop- 
ed by the Royal Navy. 
With an increased 
launching power esti- 
mated at between five 
and six times greater 
than present-day 
hydraulic catapults, 
these new equipments 
can launch high-per- 
formance jet aircraft even 
when a carrier is headed 
down wind or is in a 





dead calm. Operating steam for the catapults 
is provided by the conventional ship’s boilers 
which eliminates the necessity for special petrol, 
oil, powder or compressed air facilities. The 
maximum operating pressure provided by the 
boilers is 550 lb per square inch and the energy 
developed from the catapult is 33,200,000ft-lb. 
The catapult consists of two long slotted cylinders 
lying side by side directly under the flight deck. 
It has no rams or purchase cables. Two pistons 
in the cylinders are solidly interconnected by a 
cross piece which passes through the slots in the 
cylinders. The launching hook, which connects 
to the aircraft towing bridge, is situated at the 
mid-point of the piston and extends up through a 
slit in the flight deck. Steam to operate the 
catapult is collected in a steam accumulator from 
the ship’s boilers. A launching valve is the means 
used to control the steam for each individual 
shot. A Westinghouse steam turbine installation 
rated in excess of 200,000 s.h.p. has been geared 
to four 22ft diameter, five-bladed propellers, and 
is expected to enable the vessel to reach speeds of 
* over ” 30 knots. The ship will accommodate 
up to 100 aircraft. 


Two-Stroke Turbo-Charged 
Diesel Engine 

THE Cleveland diesel engine division of the 
General Motors Corporation, Cleveland, Ohio, 
has announced the development of a turbo- 
charged, two-stroke diesel vee engine which 
has been designed particularly to meet the 
demands for greater horsepower by the marine 
and industrial markets in America. This engine 
(model “‘ 498 ’’) has a bore of 8#in and a stroke 
of 104in, will develop 175 b.h.p. per cylinder and 
is available in six, eight, twelve and sixteen- 
cylinder sizes. Compared with a non-turbo- 
charged engine, the “498” engine develops 
60 per cent more horsepower per cubic foot of 
engine volume. The sixteen-cylinder engine is 
illustrated below. 

In a series of tests, the turbo-charged engine 
has indicated a flat fuel rate curve from 50 
to 100 per cent at any operating speed. 
Furthermore, these tests have shown that, by 
arranging the exhaust-driven compressor in 
series with the engine-driven positive displace- 
ment blower, the acceleration is good with a 
clear exhaust. At rated speed the fuel con- 
sumption is 0-360 lb per brake horsepower- 
hour to 0-380 Ib per brake horsepower-hour 
from 50 to 100 per cent of the horsepower 
range. The lubricating oil consumption is 





Sixteen-cylinder turbo-charged two-stroke diesel engine 
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0-02 gallons per hour per cylinder or more than 
6000 b.h.p.-hr. per gallon at rated horsepower. 
It has also been determined throughout the 
tests on this engine that it is free from any 
appreciable torsional vibrations over the entire 
operating range. By turbo-charging a thermal 
efficiency of 36 per cent has been attained. 

All engine parts are accessible for in- 
spection or removal, and cylinder heads, 
pistons and liners can be serviced individually 
with ease. The fabricated crankcase is de- 
signed so that all welds are stressed to less 
than 5000 Ib per square inch, indicating a 
generous factor of safety. All stress welds are 
designed for continuous submerged arc welding 
and the crankcase itself is stress-relieved and 
shot-peened to reduce stress concentrations. 
Removable fretting rings are fitted between the 
cylinder liners and the crankcase. Furthermore, 
no coolant water is in contact with the crank- 
case, which eliminates crankcase corrosion. 
Provision has been made for spherically seated 
cylinder and main bearing: bolts, thus avoiding 
the use of studs. The crankpins and main 
bearing journals, which are induction hardened 
to Rockwell C-50, are of adequate size to obtain 
reasonable bearing loads. The use of steel- 
backed, lead-bronze bearing shells with a lead- 
tin overlay helps to reduce crankshaft wear. 

Separate piston cooling by oil spray jets helps 
to maintain low piston temperatures. Through 
drilled connecting rods, the wrist pins are 
lubricated by force feed lubrication. The con- 
necting rod is of strap construction at the crank- 
pin end to facilitate removal. A hardened 
steel sleeve is used in the connecting-rod eye to 
prevent wear on the rod proper. The cooling 
passages in the cylinder heads have been designed 
to make certain that symmetrical water flow is 
obtained through the heads and liners. The 
exhaust valves operate at a low temperature as a 
result of the air cooling effect due to turbo- 
charging. Stronger, wear-resistant cylinder liners 
of a patented titanium alloy cast iron have been 
developed to reduce cylinder liner wear to a 
minimum. The overall noise of this turbo- 
charged engine is stated to be particularly low. 





Passenger-Cargo Vessels for 
South American Service 


PLANS for two new passenger-cargo ships to 
be built by the Moore-McCormack Lines for 
its service between New York and the East Coast 
of South America have been approved by the 
U.S. Federal Maritime Board and the company, 
and have been sent out to shipyards with an 
invitation to bid for construction contracts. 
An artist’s impression of the new liners is repro- 
duced herewith. The vessels will be twin-screw, 
turbine-propelled steamships with raked stem 
and cruiser stern, of steel construction, mainly 
welded, but with some riveting of shell and 
deck seams. They will measure 617ft 10in 
overall, 570ft between perpendiculars, 84ft 
moulded beam and 88ft moulded at the pro- 
menade deck, with maximum horsepower of 
28,000 s.h.p. They will be 18,200 gross and 
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Automatic loading, unloading and indexing machine 


22,700 displacement tons and will be built to have 
a sea speed of 21 knots. 

The ships will be first-class throughout, with 
a capacity of 553 passengers per ship, each with 
two swimming pools and with staterooms situated 
on three decks—boat, A and B decks. Except 
for accommodations for certain officers, the 
crew will be quartered on C and D decks, and 
their mess and lounge facilities will be on those 
same decks. All passenger and crew staterooms 
and public rooms will be served by a two-channel 
public address system to handle radio recordings 
and microphone broadcasts, and each stateroom 
will be equipped with telephone. The ships will 
have ship-to-shore telephone facilities. There 
will be eight holds for cargo and stores, and 
eight lifts for passengers and service. Two holds 
will be devoted to the transport of auto- 
mobiles and there will be space for about eighty 
of these, with large high-speed lifts serving them. 
Each ship will have a bale cargo space of 356,316 
cubic feet, which includes 20,980 cubic feet of 
refrigerated space suitable for 5 deg. Fah. 
temperature. The machinery will be situated 
well aft to keep the public rooms on promenade 
deck free from trunks and other obstructions. 
An observation bridge will be erected on the 
dummy funnel, the actual funnels being situated 
well aft to afford unobstructed interior passenger 
areas and a reduction of the risk of smoke and 
combustion gas nuisance. The stabilising 
arrangements of the ships have not yet been 
finalised, but are expected to be fins similar to 
those recently installed in the R.M.S. “* Queen 
Elizabeth.”” The ships will be fully air condi- 
tioned throughout, and each stateroom will 
have its individual thermostatic control, provid- 
ing for personal control of room temperatures. 


Artist’s impression of the projected Moore-McCormack liners for the service from New York to South America 


Plans for the ships were prepared by the 
Bethlehem Steel Company, shipbuilding depart- 
ment, of Quincy, Massachusetts, and Raymond 
Loewy Associates, of New York, are serving as 
designer of interiors and consultants on exterior 
design. The ships will be built with the aid 
of a Government subsidy as provided by the 
U.S. Merchant Marine Act of 1936 and are 
expected to cost between 28,000,000 dollars and 
30,000,000 dollars each. 





Automatic Loading and Indexing 
Mechani 


By providing a geared power take-off on its 
standard swinging-arm machine loader, the 
Hautau Engineering Company, of Detroit, 
Michigan, has created a single unit that can 
load, unload and index a dial table. The com- 
bined unit, which is shown in the accompanying 
illustration, was developed initially to unload 
and rotate a table which is 16ft in diameter and 
weighs over 15 tons. The mechanism indexes 
the forty-two station table in two seconds and 
at the same time unloads a finished part from the 
table to an outgoing conveyor. 

The unloading action is performed by two 
horizontal arms that are carried on a vertical 
shaft. Spring-closed work clamps mounted on 
the end of each arm are arranged so as to slip 
over and grip a workpiece when brought down 
on it at the unloading station. Then the arms 
lift and rotate through 180 deg., bringing the 
workpiece to a position over the outgoing 
conveyor, where the arms lower and the clamp 
presses against a fixture which releases the 
workpiece into the conveyor. While one arm is 
releasing its workpiece the other arm is picking 
up another workpiece. The dial table is indexed 
by the same motion that rotates the arms. 

The mechanism may be equipped with various 
gear ratios to provide any number of indexing 
points per revolution and the clamps may 
be designed to handle a variety of work- 
pieces. By providing two spaced clamps on each 
arm the mechanism can be adapted to load and 
unload the dial table. The mechanism is based 
on the company’s standard cam-actuated box. 
It is powered by an electric motor that drives 
through an electric clutch, an electric brake and a 
geared speed reducer. The clutch and brake are 
provided so that the unit may be started and 
stopped at any point in an automatic cycle 
upon receiving a signal from the other machines. 
The shapes of the cams are derived from cycloidal 
functions so that the table is indexed and the 
parts are unloaded in a minimum of time with 
negligible jerk. The cams drive a pair of slides 
which move over hardened and ground shafts on 
preloaded ball bushings. One slide actuates the 
vertical motion of the arms and the other rotates 
the arms and the indexing table. 
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Fig. 2—Eyes of members being machined in sets of six on special arrangement of two radial drills 


Fabrication of Eye-Bar 
Members 


Tug four photographs reproduced here illus- 
trate an interesting method which greatly reduces 
waste in the flame cutting of eye-bar members 
from rolled steel plate. It was developed by 
the Lukens Steel Company, of Coatesville, 
Pennsylvania, which holds the contract for 
fabricating the eye-bar members for the large 
suspension bridge now being built from Rich- 
mond to San Rafael in California. By “ nesting ”’ 
four eye-bars on an extra wide plate, the firm was 
able to cut eye-bars from the plate and save about 
900 tons of steel on the contract. The eye-bars 
cut were carbon manganese steel, heat-treated to 
achieve high strength. Ona 5,000,000 Ib testing 
machine at the Philadelphia Navy Yard, the 
eye-bars submitted to tensile test broke at loads 
ranging from 2,200,000 Ib to 2,500,000 lb. Every 
bar submitted for test conformed to the require- 
ments of the A.S.T.M. Specification A6-52aT 
for open-hearth carbon steel, which calls for the 
following analysis :—Carbon, 0-32 to 0-38; 
manganese, 0-60 to 0-90; phosphorus, 0-04 
maximum ; sulphur, 0-05 maximum ; silicon, 
0-15 to 0-30. 

The four eye-bar members shown being flame 
cut in Fig. 3 are each 55ft long and weigh 5260 Ib. 
In the past, bars of this kind have been fabricated 
by a combination of forging and upsetting the 
“eye” ends in order to obtain the required 
strength. While it had been recognised that it 
might be desirable to cut them from plate because 
of its properties, it had not generally been con- 
sidered feasible because of the prohibitive amount 
of scrap that would be produced using standard 
width plates. However, the Lukens Steel 
Company is able to roll extra wide- plate 
and thus “nest”? a number of bars when 
they are cut. This reduces to an economic 
amount the scrap in relation to the number 
of bars. 

The bars fabricated from plate not only have 
the required strength, but also exhibit uniform 
properties over their entire length. After flame- 
cutting from the rolled plate, the bars are heat- 
treated, and Fig. 1 shows five of the members 
entering the heat-treating furnace to be soaked 
at a temperature of about 1600 deg. Fah. for 
two and a half hours. After the heat-treatment, 
the members are flattened under an 850-ton 
open-side press, as shown in Fig. 4. The final 
step in fabrication is the machining of the “ eyes ”’ 
of the bars. The rigid specifications and close 
tolerances to which the bars had to be fabricated 
required that the holes be bored while the bars 
were stacked in sets of six or eight. The radial 
drills shown in Fig. 2 had to be aligned so pre- 
cisely that the distance apart of the finished holes 
of the bars in each set would be within 0-002in 
of the specified measurement. 


Fig. 3—Four eye-bar members being flame-cut from one extra-wide rolled Fig. 4—Heat-treated eye-bar member being flattened under 850-ton 
steel plate openside press 
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Personal and Business 


Appointments 


Mr. F. T. Blakey has been appointed secretary of 
Armstrong Siddeley Motors, Ltd. 


LorRD TWEEDSMUIR has been re-elected president 
of the Federation of Commonwealth and British 
Empire Chambers of Commerce. 


Henry Meapows,' Ltd., Wolverhampton, 
announces the appointment of Mr. B. S. Worrall as 
sales manager, electrical equipment. 

Mr. James Royce has joined the staff of Hedin 
Ltd., Commerce Estate, South Woodford, to develop 
the firm’s electric furnace manufacturing business. 


Mr. A. RAYMOND Key has been appointed vice- 
president of Johnson, Matthey and Co., Incorporated, 
the American associate of Johnson, Matthey and 
Co., Ltd. 


Hoover, Ltd., Perivale, Middlesex, announces the 
appointment of Dr. D. M. Tombs as head of a new 
research department for electronic and similar modern 
techniques. 

Dun.op, Ltd., states that Mr. D. J. Crabbe has 
returned to the Speke factory as chief engineer. He 
has been works director of the Dunlop factory in 
Brazil for the past year. 


THE MINISTER OF HousING AND LOCAL GOVERN- 
MENT has appointed Lady Rhys-Williams as chairman 
of Cwmbran Development Corporation in succession 
to Mr. T. H. Huxley Turner. 


BLack AND Decker, Ltd., Harmondsworth, 
Middlesex, announces the appointment of Mr. F. E. 
Hughes as secretary of the company, in succéssion to 
Mr. C. W. Johns, who has recently retired. 


Mr. G. W. ALEXANDER, M.I.E.E., has been 
appointed chief engineer of Powell Duffryn, Ltd. He 
has therefore relinquished his executive duties with 
Powell Duffryn Technical Services, Ltd., but will con- 
tinue to-serve on the board of that company. 


W. H. ALLEN Sons AND Co., Ltd., Bedford, states 
that Mr.-T. Golding, A.M.LE.E., and Mr. A. H. 
Hooke have been elected to the board of directors. 
Mr. Golding is manager of the firm’s electrical 
department, and Mr. Hooke is the company’s chief 
accountant. 


Sir Goprrey INcE, who will shortly retire from the 
position of Permanent Secretary of the Ministry of 
Labour, has been appointed chairman of Cable and 
Wireless, Ltd., and its associated companies, in 
succession to Major-General Sir Leslie Nicholls. 
Sir Godfrey is to take up the appointment on Feb- 
ruary Ist next. 


Davey, PAXMAN AND Co., Ltd., states that Mr. 
W. K. Burley, oil field sales representative, has been 
transferred to the London office at 1, Balfour Place, 
Mount Street, W.1 (telephone, Grosvenor 6114 and 
2486). Mr. F. King has been appointed to repre- 
sent the associated company, Ruston and Hornsby, 
Ltd., in a similar capacity, at the same address. 


THE NATIONAL COAL Boarb states that Mr. E. J. 
Kimmins has been appointed deputy director-general 
(operations), and Mr. F. Marsh, deputy director- 
general (physical planning) in the production depart- 
ment at headquarters. Mr. J. H. Plumtre has 
accepted temporary appointment as deputy director- 
general (economic planning) before taking up another 
position with the board. 


Business Announcements 


MITCHELL ENGINEERING, Ltd., states that the 
address of its Peterborough office is now The Bridge, 
Peterborough. 


PLASTER PRODUCTS (GREENHITHE), Ltd., has moved 
its London office to Bath House, 82, Piccadilly, W.1 
(telephone, Grosvenor 1171). 


THe GENERAL ELECTRIC CompPaANy, Ltd., has 
opened a new depot at Magnet House, Derby Street, 
Preston (telephone, Preston 57871). 


CoMPOFLEX COMPANY, Ltd., 26, Grosvenor Gar- 
dens, London, S.W.1, has appointed New Ducts, 
Ltd., 67a, Downs Park Road, London, E.8, as 
— of “* Wyrem ” dust extraction and ventilation 

Ose. 


Tue Hewi-Com Drvision of Armstrong Patents 
Company, Ltd., states that Modern Tool and Equip- 
ment Company, Ltd., 7-11, East Bridge Street, 
Cromac Square, Belfast, has been appointed stockist 
for Northern Ireland. 


Str GEORGE GODFREY AND PARTNERS, Ltd., Hamp- 
ton Road, Hanworth, Middlesex, has obtained from 
Svenska Rotor Maskiner, Stockholm, an exclusive 
licence to manufacture the S.R.M. high-speed 
rotary compressor and expander for aircraft use. 


ELECTRICAL AND MUsICAL INSTRUMENTS, Ltd., 
and Collaro, Ltd., have made licence agreements 
with the A.R.F. Development Corporation (a sub- 
sidiary of the Armour Research Foundation), enab- 
ling them to utilise the Armour magnetic recording 
patents. 


Tue G.E.C.- Simon Carves INDUSTRIAL ATOMIC 
ENERGY GrouP has made an arrangement with The 
Motherwell Bridge and Engineering Company, Ltd., 
under which the latter company will be associated 
with the group in the construction of nuclear power 
stations. 


Mr. L. A. Ferney, M.I.Mech.E., informs us that 
he has completed an assignment in India with a 
productivity mission of the International Labour 
Office, and has resumed practice as an industrial and 
operational research consultant with L. A. Ferney 
and Associates, 93, Westbourne Terrace, London, 
W.2. 


F. Perkins, Ltd., Peterborough, states that its 
employees have started a second “ self-build” 
housing scheme. They have formed a limited 
company entitled the “‘ Secundus ” Self-build Housing 
Society, and propose to build twenty-four semi- 
detached houses on the Walton Housing Estate, 
Peterborough. 


THE VANDERBUL ENGINEERING CoRPORATION, Ltd., 
Vanderbijl Park, and David Brown Precision Equip- 
ment (Pty.), Ltd., Benoni, Transvaal, have made an 
agreement under which all the “ Vecor”’ gear- 
cutting equipment has been transferred to the David 
Brown factory. ‘* Vecor” will produce castings and 
carry out the machining of all heavy gear and pinion 
blanks for both companies and will also be respons- 
ible for the marketing of all products covered by the 
agreement. 


Tue BristoL AEROPLANE COMPANY has announced, 
jointly with the General Dynamics Corporation, that 
it will join with the Convair Division of the Corpora- 
tion and with Canadair in a project for a transport 
aircraft of exceptionally long range, utilising four 
‘** BE25 ” turbo-prop engines. The technical specifica- 
tion will be completed in January next by a combined 
engineering group working in San Diego. It is 
intended that aircraft and engines shall be produced 
concurrently in Europe and America, and that there 
shall be long-term collaboration of the aviation 
interests of the firms. The transport will be in the 
500 m.p.h. class with a range allowing economical 
non-stop Atlantic flights at all times of the year. 


Contracts 
R. H. Neat AND Co., Ltd., Plant House, Ealing, 
London, W.5, has received two contracts for mobile 
cranes exceeding £120,000 in value, from the Egyptian 
Republic Railways and the Persian Customs Depart- 
ment. 


Tue SHAW SAVILL Line has ordered two refrigerated 
motorships for its cargo services to Australia and 
New Zealand. The ships will have an overall length 
of 512ft, a moulded breadth of 70ft, a loaded draught 
of 30ft 44in, and a gross tonnage of about 11,500 
tons, while there will be 375,000 cubic feet for re- 
frigerated cargo and 250,000 cubic feet for general 
cargo. One ship will be built by Cammell Laird and 
Co. (Shipbuilders and Engineers), Ltd., and the 
other by Vickers-Armstrongs (Shipbuilders), Ltd., at 
Newcastle upon Tyne. The service speed will be 
17 knots and each ship will be driven by an eight- 
cylinder supercharged opposed piston engine con- 
structed by Harland and Wolff, Ltd. 


Miscellanea 


CHADWICK MEDAL AWARD.—The Chadwick medal 
and prize for “ excellence in municipal engineering 
and hygiene’ have been awarded to Mr. Compton 
A. W. Deane, a native of British Guiana, and formerly 
a student in the Chadwick Department of Civil and 
Municipal Engineering, University College, London. 
Mr. Deane was recommended for a three years’ 
course at University College by the Colonial Office. 


DiesEL ENGINEERS AND USERS ASSOCIATION.—At a 
meeting of the Diesel Engineers and Users Associa- 
tion, held on November 17th, Mr. J. H. Darley read 
a paper entitled “‘ Causes of Failure in Internal Com- 
bustion Engine Valve Springs with Particular 
Reference to Fatigue.” The paper states that the 
satisfactory performance of valve springs of internal 
combustion engines is largely influenced by the 
quality of the wire used and by the method of manu- 
facture. Springs operating under conditions favour- 
ing corrosion are prone to failure by corrosion 
fatigue against which even best quality wire is not 
proof. The manufacture of wire and the coiling of 


springs is reviewed. Shot peening to work harden 
the surface of the spring and improve its resistance 
to fatigue is described and discussed, and also the 
application of protective coatings to reduce the 
number of failures from accelerated fatigue through 
corrosion. 


SYNTHETIC RUBBER FLOOR PAINT.—A synthetic 
rubber floor paint, which can be applied to all the 
normal floor surfaces or as a protective coating for 
concrete or masonry, has been introduced by Cor. 
rosion, Ltd., 16, Gloucester Place, Portman Square, 
London, W.1. The coating can be used by heavy 
traffic forty-eight hours after application, and is 
claimed to have good resistance to abrasion, water 
and chemical attack. 


Opiruary.—We record with regret the death of 
Mr. R. L. Hamilton, which occurred at Edinburgh 
on November 18th. He had been managing director 
of the National Steel Foundry (1914), Ltd., Leven, 
for the past eighteen years, having joined that com. 
pany in 1916. We regret also to record the death, 
on November 22nd, of Mr. Arthur Russell, technical 
director of Goodwin Barsby and Co., Ltd., Leicester, 
Mr. Russell, who was sixty-six, had spent the whole 
of his professional career, extending over fifty years, 
in the company’s service. 


TRAINING SCHEME FOR British RAILWAyYs.—A con- 
centrated training scheme by which suitably qualified 
engineering graduates entering the railway industry 
may complete their training after only two years, 
instead of the former three years’ period, is announced 
by the British Transport Commission. It is designed 
to afford an opportunity for young engineers to be 
in at the start of the modernisation plan for British 
Railways. This scheme of shortened, but intensive, 
training is available to all engineering graduates who 
have successfully taken a full time three years’ uni- 
versity or college course. 


POWER-ASSISTED STEERING FOR LOADING SHOVEL.— 
The ‘‘ Loadmaster’ hydraulic shovel made by the 
Chaseside Engineering Co., Ltd., Hertford, is now 
available with a power-assisted steering mechanism. 
In this mechanism a double-acting hydraulic piston 
acts directly on the centre steering arm in accordance 
with the movement of a pressure-operated valve 
incorporated in the drag link of the steering gear. 
Hydraulic fluid is supplied to this steering mechanism 
by an independent pump, which is belt driven from 
the engine. The new form of steering reduces 
operator fatigue and increases the speed of the 
working cycle of the shovel. Safety devices prevent 
overloading of steeering mechanism fitted with the 
new form power assistance. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—A paper with the title “‘ Experiments on 
Box Girders : Some Contributions to the Theory of 
Ships’ Structures,” was read before the Institution 
of Engineers and Shipbuilders in Scotland on Tuesday, 
November 15th, by Dr. J. C. Chapman and Dr. 
S. R. Sparkes. The paper states that a ship’s hull 
is not designed primarily as a structure and that 
one of the objects of the research was to assess 
the contribution made by the superstructure to 
the longitudinal strength of the ship. Tests were 
made on a series of stiffened and _ unstiffened 
rectangular box girders before adding  super- 
structures. Both steel specimens and _ small 
celluloid models were tested and the results are given 
graphically and critical stresses are tabulated. 


Nortu East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—On November 25th a paper entitled 
“An Analysis of the Behaviour of Riveted Joints in 
Aluminium Alloy Ships’ Plating ’’ was presented by 
Dr. A. R. Flint, before the North East Coast 
Institution of Engineers and Shipbuilders. The 
paper refers to the research programme, carried 
out for the British Shipbuilding Research Associa- 
tion, concerning the elastic behaviour, strength and 
watertightness of riveted N.6 aluminium alloy 
plating, and states that tests were made on lap and 
coverplate joints held by cold-driven N.6 and hot- 
driven mild steel rivets. The specimens were designed 
to indicate the influences of driving method, edge 
distance, rivet pitch, row spacing and rivet diameter/ 
plate thickness ratio. Principal test results are 
analysed and related to theoretical predictions, 
bearing behaviour and effect of head and point size 
are discussed, and the influence of driving method 
and bearing stress on rivet shear strength is examined. 
Bending distortions and stresses in the plating are 
analysed, a basis presented for deriving cover-plate 
thicknesses, and the requirements for caulking single 
shear joints indicated. A design basis is suggested 
and applied to indicate the most efficient joints. It is 
concluded that steel rivets cannot be used advan- 
tageously in N.6 plate, single cover-plate thickness 
should exceed that required for steel by Lloyd’s rules, 
and that double cover joints are uneconomical. 
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British’ Patent Specifications 


When an invention is communicated Jrom: abroad the name. and 
address of the communicator are printed in italics. When’ an 
abridvement is not illustrated the specification is without drawings. 
The date first given is the date of application ; the second date, 
at the end of the abridgement, is the date of publication of the 
complete specification, Copies of specifications may be obtained 
at the Patent Office Sales Branch, t5, Southampton Buildings, 
Chancery Lane, W.C.2, 3s. each. 


SPRINGS 


737,405. December 1, 1952.—THe UTILISATION OF 
{NDIA-RUBBER AS SPRING, Jean Marie Baptiste 
Jarret and Jacques Henri Jarret, 171, Rue J. B. 
Charcot at Courbevoie (Seine), and 128, Avenue 
Berthelot, Lyon (Rhéne), France. 

The object of the invention is to provide a resilient 
device constituting a spring by using rubber. The 
arrangement shown in 
the drawing is con- 
stituted by a mass A 
of rubber entirely en- 
closed in a_ casing 
capable of being de- 
formed. The casing is 
compressed by a tube 
C of stainless steel, 
having circular corrug- 
ations over the greatest 
part of its length and 
terminated at each end 
by a non-deformable 
cylindrical part D 
and E surrounded by No. 737,405 
a rigid cylindrical 
sleeve F and G. The two ends of this casing are 
closed by metal plugs H and J, which will receive the 
forces B applied to the spring. .In order to guide the 
deformations caused by these forces and to avoid 
permanent deformations, there is preferably arranged, 
in the external grooves formed by the corrugations, 
hoops K of steel. The whole of the spring is enclosed 
in a cylindrical tube L solid with the plug H and 
adapted to slide on the sleeve G of the opposite end. 
An alternative arrangement of the hoops.is also shown 
in the specification.— September 28, 1955. 





INTERNAL COMBUSTION ENGINES 


737,714. May 16, 1953.—THe COOLING OF PISTONs, 
Leyland Motors, Ltd., Suffolk House, Laurence 
Pountney Hill, London, E.C.4.  (dnventor : 
Alfred Mueller.) 

The purpose of the invention is to provide a 
simple manner for cooling the zone of the piston wall 
in which the piston rings lie, and where distortion 
through overheating would do most harm, without 
greatly increasing the weight of the piston and without 
drilling the gudgeon pin. The drawing shows a 
piston having a part of the engine combustion 
chamber formed in its crown. By giving the piston 
wall A an inward extension B just below the piston 
ring zone C, and fitting into a circular central opening 
D in this extension and into a circular recess E in the 
crown a cylindrical insert F, an annular chamber is 


$ - E 
i/ 





























No. 737,714 


formed within the piston ring zone to which oil can 
be supplied for cooling. Ribs G in the piston may 
further guide and support the insert. The insert .F is 
closed at the end next the piston crown, but its end H 
Is Out of contact with the crown except around the 
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rim of the-insert. . From this closed end of the insert 
there projects downward an inner cylindrical wall J 
‘serving as a guide to a plunger K. The plunger is in 
the form of a sleeve with a spider or interior collar at 
its lower end to take the thrust of a spring L com- 
pressed between the lower end of the sleeve K and 
the closed end H of the insert. The lower end of the 
sleeve and the upper surface of the connecting-rod 
small end are shaped to:a cylindrical surface as shown, 
so that the plunger is in contact with the connecting- 
rod in all positions of the rod. An oil channel M is 
made in the connecting-rod to carry oil from the 
crankshaft to channels N encircling the gudgeon pin 
and thence through an opening O in the end of the 
connecting-rod into the plunger K in the piston 
insert F. From there the oil flows through radial 
pi P in the closed end of the insert into the 
chamber within the piston ring zone. From this 
chamber the oil escapes through openings R in the 
outer wall of the insert at about one-third of the 
height of the chamber, ahd drops back upon the 
connecting-rod or into the crank chamber, from the 
space between the inner and outer walls of the insert. 
A part of this escaping oil may be splashed through 
openings S into the space between the end of the 
insert and the piston crown, and this affords some 
cooling to the crown. During upward acceleration of 
the piston the chamber within the piston ring zone 
will tend to empty through the discharge openings at 
one-third of its height. It will therefore at all times 
be only partly filled with oil, and during deceleration 
in the upstroke and acceleration in the downstroke 
the oil will wash over the whole of the piston surface 
of the chamber close to the piston ring grooves.— 
September 28, 1955. 


GAS GENERATORS 


737,082. February 16, 1951.—FreE-PistoN Com- 
PRESSORS OR GAS GENERATORS, Francis Cyril 
Perrott, Carnock Lodge, 14, Church Hill, 
Edinburgh, Scotland. 

The invention comprises a cycle and a mechanism. 
The essence of the cycle is single-stage compression 
in the cylinder with injection and ignition according 
to the diesel cycle, also combined with high-pressure 
bleed in the vicinity of the dead point. Such bleeding 
precedes combustion, with which it may or may not 
overlap to some extent, and provides the turbo- 
drive. Initially, it is proposed to retain a large excess 
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of air in the cylinder. The mechanism is a free-piston 
gas generator of large breathing capacity, in pro- 
portion to its size, and for a given piston speed. It 
comprises two combustion spaces, between two 
coaxial pairs of opposed piston assemblies. These 
have a large bore/stroke ratio and are shown in the 
drawing at A, B, Cand D. The inner pair of pistons 
A and D are fixed back to back, and the outer pair 
B and C are tied together. The two assemblies are 
synchronised to oscillate in phase, so that com- 
pression takes place in one cylinder, while expansion 
takes place in the other. The mechanism and cycle 
together promise substantially reduced loading for a 
given size, Output and piston speed. Alternatively, 
however, the loading could be increased towards 
that of existing gas generators by supercharging, 
with correspondingly increased power output. The 
basic cycle efficiency is slightly above that of the 
diesel engine, because the medium is expanded right 
down to atmospheric pressure.—September 21, 1955. 


GAS TURBINES 


737,521. July 15, 1953.—LiquiIp Fuet HEATING 
APPLIANCES, The English Electric Company, 
Ltd., Queens House, 28, Kingsway, London, 
W.C.2 (Inventor : Reuel Duncan van Millingen). 

The invention relates to heating appliances using 

a liquid fuel which requires to be heated before 

admission to a burner in the combustion chamber 

of a gas turbine plant. Its object is to pro- 
vide a control for the heaters which is inde- 
pendent of the fuel used and of the temperature 

prevailing. Referring to the drawing, fuel oil from a 

tank A is pumped by a pump B at substantially 

constant pressure through a pipe C to a coil in a 

steam heater jacket D and thence through a throttle 

valve E to burners F of the combustion chamber G 

of a gas turbine plant. A small quantity of oil. is 

tapped off through a pipe H immediately after the 
heater jacket D and is passed through a constant flow 
valve J which may comprise a chamber K divided 
by a membrane L into two portions, which are in 
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communication -with-one another through a conduit 
containing a sharp-edged orifice M. The membrane 
is attached to the obturator O of the pipe H, and is 
biased by a spring towards the open position of the 
obturator, while any increase of pressure on the 
entrance side of the chamber K tends to deflect the 
diaphragm L in the sense of closing the pipe H by 
the obturator O. The pressure of the spring may be 
adjusted by a screw as shown. The valve J keeps 
the flow through it roughly constant irrespective of 
the viscosity of the oil by regulating the flow through 
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the orifice M which is so dimensioned that its pressure 
drop is nearly independent of the viscosity. For 
example, a yin orifice was arranged in a 4in tube. 
This constant flow of oil then passes through a long 
coil of small bore tubing P forming a viscosity sensitive 
restriction back to the supply tank A. The steam 
flow to the heater D is regulated by a steam valve R, 
which, in turn, is operated by a piston S whose 
position is determined by the force of a spring and 
by the pressure of the oil in the cylinder T in which 
the piston S moves tightly and which is fed from the 
constant flow valve J through a pipe branched off 
before the inlet to the restriction coil P. In operation, 
should the viscosity of the fuel oil at the outlet from 
the heater D for any reason decrease, then the resist- 
ance to flow through the coil P will decrease and the 
pressure in the cylinder T will also decrease, since a 
lower pressure than hitherto will be needed to force 
the constant flow of fuel oil through the restriction 
coil P. Under the action of the spring the piston S 
will thus be moved in a direction tending to close the 
steam valve R which will reduce the heat supplied 
to the heater jacket D and thus tend to restore the 
viscosity of the fuel oil to its former value. According 
to a modification, an automatic pressure relief valve 
is shunted across the pump, a spill control valve is 
arranged in the spill line of the spill control burner, 
and the throttle valve may be omitted.— September 28, 
1955. 


ROAD AND RAIL TRANSPORT 


738,421. April 20, 1953.—A Rope TAUTENING DEVICE, 
Alfred Lomas, ‘“ Fairhurst,’ Laughton, near 
Sheffield. 

The invention relates to devices for tautening load- 
securing ropes on road or rail vehicles. Referring to 
the drawing, the device comprises a frame A of trough- 
like form with flanges B, by which the device may be 
attached to the underside of the floor of the vehicle 
body. A threaded traversing spindle C is rotatably 


G 
Uitte ah a 
“ily Miah it 

















No. 738,421 


mounted in the frame in bearings in the end walls 
of the frame. Mounted on the spindle for traversing 
movement along it is an internally threaded member 
D provided with a depending hook E projecting 
through a longitudinal slot in the frame. A handle 
having a hexagonal socket for engaging the head of 
the traversing spindle is provided for actuating the 
device.—October 12, 1955. 
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Launches and Trial Trips 


Manes, cargo ship; built by the Burntisland 
es Company, Ltd., for Motanaves Limi- 

tada, Costa Rica ; —. between perpendiculars 
435ft, breadth 6ift , depth moulded 38ft 3in, 
draught loaded 29ft, edweight 12,480 tons ; five 
cargo holds, four 3-ton, ten 5-ton and two 25-ton 
derricks ; electric deck machinery, three 200kW 
diesel-driven generators, one 20kW emergency 
generator; one Sulzer single-acting, two-stroke 
diesel engine, seven cylinders, 720mm diameter by 
1250mm stroke, 4825 b.h.p. at 125 r.p.m.—Trial, 
October 27th. 


LAGANBANK, Cargo liner; built by Harland and 
Wolff, Ltd., for the Andrew Weir Shipping and 
Trading Company, Ltd.; length overall 455ft, 
length between perpendiculars 425ft, breadth moulded 
59ft, depth moulded to shelter deck 38ft 3in, gross 
tonnage 5800 ; two compiete steel decks, four main 
cargo holds, one 25-ton, fourteen 5-ton, two 3-ton 
derricks, electric deck machinery; three 175kW 
diesel-driven generators, one 20kW diesel-driven 
emergency generator; two vertical boilers; one 
Harland and Wolff single-acting, two-stroke, opposed- 
piston oil engine, six cylinders, 620mm diameter by 
— combined stroke, 118 r.p.m.—Trial, October 
2/th, 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


BRITISH INSTITUTION OF RADIO ENGINEERS 
Wed., Dec. 7th.— MERSEYSIDE SECTION : Council 

of ee 1, Old Hall Street, Liverpoo! 
Meteorology. K. and F. C. 
Ss. Watss 6 
Avenue, oe “ The 
: 1 3 a H. Roberts and A 

: Institution of 


8th.—ScCoTTisH Engineers 
and Shipbuilders, 39, Elmbank t, ae, “ Auto- 
matic Control of Machine Toois,”” H. Ogden, 7 p.m. 

Wed., Dec. 14th.—W. MIDLANDS SECTION : Technical College, 
ifruna Street, Wolverhampton, “ Television Aerial Design,”’ 
. A. Davidson, 7.15 p.m.——N.E. Section : Institution of 
ical Neville Hall, 

“ The Metal Cone 


. Kenward, 


Westgate 
Road, . 
W. L. Heath, 6 p.m. 


CEMENT AND CONCRETE ASSOCIATION 

Mon., —y jth. Amy Centre. = Butts, Cop Wy West- 
a es “Some Notable Concrete Bui ildings,”’ C. Blyth, 
2 p.m. 


COMBUSTION ENGINEERING TION 
Thurs. and Fri., Dec. 8th and 9th.—Palace Hotel, Buxton, Annual 
Conference entitled “‘ The Years Between.” (The Y ears Before 
Atomic Energy.) 


DIESEL ENGINE USERS’ ASSOCIATIO 
Thurs., Dec. 15th.—Caxton Hall, Westminster, —, S.W.1, 
“Report on Heavy Oil Engine Working Costs and Perform- 
ance, 1954," and an informal discussion on “ Operating 
Problems,” 2.30 p.m. 


ILLUMINATING ENGINEERING SOCIETY 
Wed., Dec. se —Swansea Group : S. Wales Electrici Board's 
Demonstration Theatre, The Kingsway, a anon 
the ie Meeting Lock the International ission on Il —- 


Col 
By Road Vehicle Lighting,”’ J. H. Nelson Gl! 6. 34 
Thurs. "Dec. 8th.—CarpirF CENTRE : S. Wales Eleearicty = : 
Demonstrat ion Theatre, The Hayes, Cardiff, “ 
1955 Meeting = of the International enemies 
tion,’”’ E. N. Lockyer, 5.45 p.m. 


INCORPORATED PLANT eae 
Tues., Dec. 6th—LONDON Royal Society of Arts, 
John Adam Street, Adelphi, W.c. >, “ Incentive Boise 2 for 
Maintenance Work A. peak’ 
BURGH BRANCH : 


on vag A 


, The ‘Newarkes, Leicester, Members’ Papers eed 
and ains Trust, 6.30 p.m.——SOUTHERN 
Son Chul Meghemiting aed 


Hotel, Southampton, Brains Trus' 

Mobile Plant, 7.30 p.m. 

Thurs., Dec. 8th.—GLAsSGOW BRANCH : Scottish Building Centre, 
425-427, Sauchiehall Street, G ww, Open Discussion, 7 p.m. 
——DMERSEYSIDE AND N. WALES NCH : Royal Institution, 
Colquitt Street, 7. ones. Film Evening, 7.15 p.m.——N. E. 
BRANCH: Roadway House, Oxford Street, Newcastle upon 
Tyne, Film, “A NewA h to Pr Development,’ 
introduced by S. F. Smith, 7 p.m. 

Mon., Dec. 12th.—DuUNDEE ‘Branca: Mathers Hotel, Dundee, 
“ Tar Distillation Plant,”’ R. M. Crighton, 7.30 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
Sat., Dec. 3rd.—LancasHirne BRANCH: Midland Hotel, Man- 
chester, “Cupola Practice: Second Thoughts,” W. Y. 


3 p.m. 
Brancu : College of Technology, 
“ Mechanised Foundries and their 
Control, 7H A. Fox, 7. Ph 
Tues., Dec. 6th.—SLOUGH SECTION : Lecture Theatre, High Duty 
“ Mechanisation of a Small Foundry,” R. 


Thurs., Dec. 2 ES BRANCH : Technical College, 
Lincoln, “‘ Patternmaking to Assist Mould Production,” S. A. 
Horton, 7.15 p.m.——BeEps AND HERTS SECTION : Town Hall, 





Luton, “ Production of Moulds by the CO, Process,” A. Talbot ; 


7.30 p:m.—BURNLEY SECTION : Technical College, Ormerod 
Road, Burnley, “* Some Practical Experiences with a Small 
Water-Cooled Cupola,” F. Lord, 7.30 p.m. 


INSTITUTE OF FUEL 
Todo, Dec. Me ames Wates Section: S. Wales Institute of 
pee: Place, Cardiff, “ Wales Gas Board—Integration 
of of Fuel Suppl EM. M. Edwards, W. T. Hird, T. S. Ricketts 
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Tues. Dec. 6th.—ScoTtisH SECTION : Merchants’ Hall, G Glasgow, 

“Nuclear Power Power Generation,” H. A. Davey, 6.30 p 
oe oe Street oe tution ¥ 
Population and Productivity,” re Xifred Parker, 336 
Y Section: Royal Victoria Hotel, Sheffield, “ 


ORKSHIRE 
Two-Stage Gas Producers,” P, Clarke, 2.30 p.m. 


LECTURE : i 
Paxman Engine,” A. G. Howe, 6.30 p.m. 


INSTITUTE OF Ley pow ong 
bes si pase 


phuriontion Process,’’ 7.30 p.m. 


ay me OF aoe. [panerees ENGINEERS 

To-day, Dec. 2nd.—Grand Hall, Connaught Rooms, Great Queen 
Street , London, W.C.2, Geasat Pee ual Manes 

— Dec. Sth. .—Soormina ¢ CENTRE : —a of Ei 
and Shipbuil bank Crescen angen, 
Aspects of Vehicle ‘Insurance and ‘Acciden 
C. A. Wickes, 7.30 p.m. 

Tues., Dec. 6th. —Mipianp C Centre: Ex and Engineering 
Centre, Stephenson Birmingham, “ Accidents—Their 
Causes and wa gs ree, Mackenzie Junner, 7. = .m. 

Wed., Dec. eT MIDLANDS CENTRE: M 

Nottingham, “ ering Geometry and Wheel Balance," 


Hi 
EGIONAL CENTRE : Adelphi Hotel, Lime 
the Distri- 


ae 


ardman, 
er sin; R Inject including 
treet, m ion ‘ uding 
bur Ponip Rs, Stoneman, 730 po 
Fri., Dec. 9th.—S. : _S. Wales Institute of 
Park Pi ane Cait “ The Revdiepmant and Opera- 
tion of Disc Brakes,” T. J. Phipps, 7 p.m. 


INSTITUTE OF WELDING 
ti, Dec. 8th.—S. LONDON BRANCH JoINT MEETING WITH 
N. LONDON BRANCH : 2, Savoy Hill, London, W.C.2, “ Measur- 
ing Productivity in Welding—A New Approach with Applica- 
tions to Management,”’ A. G. Thompson, 6 p.m. 


INSTITUTION OF Saeerst. ENGINEERS 

Tues., Dec. 6th.—Geol , Burlingt x) House, London, 
, * he ne, < a S. Sellers and 
DRA viour of Pats Distillation 
Columns,” é. Davidson, $.30 p.m.——N.W. BRANCH : 
ny , Hotel, Chester, “ The Impact of Industry on the 

i ** H. Fossett, 7 p.m. 
wer bas hee BRANCH : The University, Leeds, 
Pncanlis Etcont Disponel, ”*'D. A. Hall, 7 p.m. 


INSTITUTION OF or ENGINEERS 


Westminster, London, S.W.1, Parsons Memorial Lecture 
os ag gy t of the Gas Turbine,” Sir Harold Roxbee 
X, 
Wed., Dec. fach:—N.w. ASSOCIATION : County Hall, Preston, 
5 Nom-Risid Types of Road Construction, ” A. J. Lyddon, 
p.m. 


INSTITUTION OF _ oT ENGINEERS 
an, Dec. 5th—INFORMAL MeeETING : Savoy Place, London, 
.2, Discussion on “ Private Generation from the Point of 
View of the User,"’ opened by A. N. Irens, 5.30 p.m.—— 
S. Mro_anp CENTRE: James Watt Memorial Institute, Great 
—— Street, Birmingham, “ Under-Water Echo-Ranging,”’ 


bs a SECTIONS : 
pred Place, “London, W.C.2, Instrumentation of a 

4inch tal Rolling Mill, ”’ S. S. Carlisle and G. W. 
.——S. MIDLAND CENTRE : 


NT AND UTILIZATION 


Srupents’ Section : District MeetTinc : R.E.M.E. Training 
Centre, Bailleul Barracks, Arborfield, Berks, Film Evening, 


wed _ Dec. 7th—RADIO AND TELECOMMUNICATION SECTION : 
Place, London, we “ Some — re Storage 
Tubes,” R. S. Webley, H. G.  Lubezynski and . A. Lodge, 


$.30 p.m. 
Fri., Dec. 9th.— EDUCATION —— Circie : Savoy Place, 
, Wy “ Aids to Teaching the Subject 
of Windings in ” Rotating Machinery,”* opened by F. Stefani, 
p.m. 


INSTITUTION OF ENGINEERING DESIGNERS 
Mon., Dec. Sth—Northern Architectural Association Hall, 
6, Higham Place, Newcastle upon Loe “ Gear Design 
Application—A Practical Approach,”’ S. Fearns, 7.15 p.m. 


INSTITUTION OF ENGINEERING INSPECTION 
Wed., Dec. 14th. Royal fotr i of am John Adam Street, 
London, W.C.1, “ The Motor en * esearch Association : 
its Purpose, Organisation an ethods,”” W. G. Stevenson, 
6.45 p.m. 
INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 
Wed., Dec. 7th—JomsT MEETING WITH THE DUNDEE INSTITUTE 
OF ENGINEERS : University College, Dundee, “ Light Struc- 
pots mee a and its Application to Economic 
R. M. Kenedi, W. Shearer Smith and F. gy ag 5 
Tues, Dec. 13th.—39, Elmbank Cc G ~ Light 


escent, 
Structu res—Research and its A lication to Economic Design,” 
R. M. Kenedi, W. Shearer Sinit and F, Fahmy, 7.30 p.m. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 


D NCH. 
ical Problems Relating nd —- 
Hot-water Heating installations,” P. E. Went, 6.30 é 
Wed., Dec. 7th.—SESSIONAL MEETING : Institution of 
Bi London, S.W.1, “ Overall 
Testing of Heating and Air ‘Condi Plants, 1 
y, Oo p.m. 


- Pg ce well OF eee po ah ™ 
‘0-day, Dec. — Institution tructural Engineers, pper 

poe tel reet, London, S.W.1 “ Soil Stabilisation—Theory 
and Practice,”’ D. J. Maclean, 5.30 p.m, 


INSTITUTION OF LOCOMOTIVE ENGINEERS 
Wed., Dec. a0 84 —GENERAL cee : Institution of Mechanical 
Engineers, » Birdcage Walk, London, S.W.1, “ Locomotives 
felisery lntusey J. Cook, 5.30 p.m. 


agg agg ae OF MECHANICAL ENGINEERS 
|.—GENERAL MEET HypRaAuLics GRoUupP : 
Senden, S.W.1, “ Hydraulic Accumulators 
G. Frith, 5.30 p.m ‘ 


IROUP : 
. S.W.1, Discussion, “ New Fuel- 


peice Systems,” 643 p 6.45 p.m. 
Dec. 7th.—E. MIDLANDS BRANCH : College of Technology, 


Dec. 2, 1955 


“ Knitting Mactioes William — Bentley, 7730 Pm 
SOUTHERN BRaNcH: Technical na Reading, “ Work 
sete, M. Currie, 7.30 p.m. 

8th. — BRANCH : Restaurant, 
Oxford, * Jet Nois ” G. M. Lilley, | 7.30 oe, ae | 
Bra H versity, Leeds, “The Loch Sloy Water 
ies progr, O. & Kerensky and E. J, Chap. 
.m.———N.W, A.D. ’ Club, Alber: 


“of 
” B. M. Mil 
M. H. Howarth, 7.15 p.m. ah 
Y.M.C.A., South ‘Street, Andrew a si 
ter Controlled Machine Tools D. D. T. N iilia maga, 


.30 p.m. 
Fri., Dec. 9th.—GENERAL_ MEETING ee ae cOUP : 
Walk, London, S.W. 





ang ' 
ton and 
<y Lonel 





INSTITUTION OF NAVAL ARCHITECTS 
s and Thurs., Dec. 7th and 8th.—Weir Lecture Hall, 11, Upper 
a Street, , S.W.1, Symposium on the Use and 
Welding of Aluminium in Shipbuilding. 


BeSTETV TION OF PRODUCTION ENGINEERS 
PETERBOROUGH White Lion Hotel, 
. ugh, “ The Use of Plastics in Encinas’ 
i * i oe Terry, 7.30 p.m. 
Wed., Dec. 71th.—Coventry SECTION : The Craven Arms, High 
Coventry, “ Shipbuilding, * J, Brown, 7 p.m.— 
HAM SECTION : Victoria Station Sat Nottingham, 
= Canes 5s Aid to Production,” Miss P. Raine, p-m.— 
LIVERPOOL SECTION: Picton Hall, Liverpool, « History of 
Engineering,’ 7.30 .m.——S.W. SECTION’: University 
aes Laborat Upeny Walk, Bristol, 8, “ Air. 
Design for Production,’’ W.  E. W. Petter, 7.15 p.m. 
Thurs., Dec. 8th.—LONDON SECTION : ry : — Society, 
Northumberland Avenue, London, W. Ot om. on 
“Unusual Aspects of ae Press Works, ‘ Lock ‘Design 
Rocuester Section : Sun Hotel, 
and Manufacture,"’ C. G. Smith, 7. 30 p.m. 
» Diocesan Hail, 
ts in the or a and 
‘erti A. T. Brook, 
, Alexandra 
its uence On 


Street, 


Swansea, 
eons P. Wilson, 7.30 p.m. 
ng iy 1) OF STRUCTURAL ENGINEERS 
To-day, Dec. 2nd.—WeSTERN COUNTIES BRANCH : ba ne 
Bristol, “ Joints in Water Sopans —— with 
Reference to Reservoirs Co-operation 
Between the Consultant and & Steelwork hae EOP 
Beavan, 6 Sine 
Tues., Dec. h.—N. IRELAND BRANCH : College Ff Tectoclon, 
fast, “The Architect and the Structural 
6.45 p.m.——ScortisH BRANCH: Institution of 
and Shipbuilders, 39, Elmbank Crescent, G' 4 
id Disadvantages of Structural Steelwork, 
Concrete,”’ Donovan H. 


Munro, 
“ re 


tages ani 
Reinforced Concrete and 
Lee, 7 p.m. 


i INSTITUTION OF ENGINEERS 

Todw. Bp c. 2nd.—Fi_m Eveninc : Pepys House, 14, Rochester 
Row, London, S.W.1, “ Sound Steel,’’“* Firth Brown Castings,” 

“S.B.A.C. Flying Display, 1954, * introduced by S. Essam, 


wad he. Dec. 7th.—MIDLAND SECTION: James Watt Memorial 
Institute, Great Charles Street, Birmingham, “ ———_ 
ion—The Anatomy of Conscious Machines,”’ J. 


Sargrove, 7 p.m 

Fri., Dec. 9th. —INAUGURAL MEETING : 
Rochester Row, London, S.W.1, 
“ Dams,”’ G. M. Binnie, 7.30 p.m. 


ay ty he ASSOCIATION OF ENGINEERS 
To-day, Dec. —Engineers’ Club, A ry ov Manchester, 
“ tention” 5. H. cae 





House, 14, 
Presi Patial dress, 


MINISTRY 
T em ‘cole, rat Road, Norwich.— 
poy, Bg Placing and B. Harman, 7.30 p.m. 
——G M ter, “* a 
irwin, 7.0 p 
Institute, Albion Street, Hull, “ * Vibra- 





"i 
ing and Preservation of Timber,’’ D. B. 
Tues., Dec. 6th .—Church 
tion in Buildings,”’ R. J. Steffens, 7.15 p.m. 
Wed., Dec. 7th.—Mi , Church Street, 


Technical College. 
Barnsley, “ Prest Concrete,” S. C.C. Bate, 7.15 p.m. 
NORTH EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS 


Fri., Dec. 9th.—Mining Institute, Newcastle upon Tyne, “ Ship 
Structural Weight Similarity,’ E. V. Telfer, "b.15 15 p.m. 


—— The Te 1 24, Dal Street ao ay «Deaton and 
> emple, le 

——— of Modern Concrete Concrete Highways, N. Sparkes, 
.30 p.m. 


ROYAL AERONAUTICAL 

Tues., Dec. 6th.—SECTION srure : The Library, 4, Hamilton 
Place, London, 7 1, “‘ Fatigue Aspects of Structural Design,” 
W. A. P. Fisher, 7 p.m. 


ROYAL INSTITUTION OF CHARTERED SURVEYORS 
Thurs., Dec. 8th.—LAND Suevens GENERAL MEETING : 

Great George Street, London, S.W.1, “ The Adjustment a 
Triangulation,” H. F. Rainsford, 5. 30 p.m. 


ROYAL SOCIETY OF ARTS 

Wed., Dec. 7th.—Jobn Adam Street, og x PTT  / W.C.2, 
“ Planning Against Noise,” H. Bagenal, 

SHEFFIELD METALLURGICAL ASSOCIATION AND 

SHEFFIELD SOCIETY OF ENGINEERS AND 

METALLURGISTS 

Tues., Dec. 6 h. — ae, _ Theatre, The University, St. 

's Square, Sheffield Control Quanto- 

= for Steelworks Analysis,” D. Manter-Field and W. Sykes, 

p.m. 





SOCIETY OF ENGINEERS 
Mon., Dec. 5th—Geological Society, Burlington House, Picca- 
dilly, London, W.1, “ Developments in the 
Modern Car,” Laurence Pomeroy, 5 p.m. 


SOCIETY OF INSTRUMENT TECHNOLOGY 
Tues., Dec. 6th.—Manson House, Portland Place, London, W.!, 


a Servo-M: for Instructional 
Purposes,” E. B. Pearson, 6.30 p.m. 
WOMEN’S i ema J 


SOCIETY 
Wed., Dec. 7th.—LONDON BRANCH : ~'erry 45, Great 
Peter Street, London, S.W.1, eains Trot, 7 p.m. 





